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Abstract 
This PhD thesis explores the connections between income inequality, energy use and human 
welfare. My primary research motivation arises from a desire to improve human welfare through 
more sustainable and healthier use of energy. The goal is to achieve greater human benefits by 
reducing the use of fossil fuel and non-renewable biomass resources, which would also reduce 
the associated emission of greenhouse gases (GHG) and pollutants. This work seeks to develop 
an improved framework for understanding the links between energy use and human welfare, in 
order to identify energy development pathways to significantly and equitably improve human 
welfare - especially for people living in poverty.   
Three approaches to the research support a refinement of standard presentations of energy 
use/GHG emissions and human welfare relationships. First, the thesis adopts a global approach 
which pushes beyond traditional inter-country comparisons of the relationships between energy 
use, GHG emissions and human development to expose intra-country inequality in those areas. 
Second, application of such an analysis to a single country – in this case India – extends beyond 
prior household survey based energy use and/or GHG emissions analyses by estimating a Human 
Development Index (HDI) score for each income-bracketed sub-national population. Finally, a 
case study of a local community takes the impersonal, abstract energy data and adds a human 
dimension by focusing on a population living in poverty, those people who are the real victims of 
inequality. 
Methods differ across the three approaches. In the first, a model is built on intra-country GHG 
emissions and HDI distributions in order to support the creation of a global correlation between 
carbon dioxide (CO2) emissions and HDI for income quintiles from 164 countries in 2012.  In 
the second, an analysis of Indian household survey data is used to develop estimates of energy 
use, CO2 emissions and HDI scores for income deciles in India in 2005 and 2012. In the third, a 
case study of cooking-energy use in refugee camps on the Thai/Myanmar was undertaken using 
kitchen observations, semi-structured interviews, and relevant organizational literature. The case 
study highlights the importance of being mindful that “the fact that poverty alleviation is about 
people, people who are in situations very difficult to imagine for many of us, who write or read 
papers like this one” (Pachauri and Spreng, 2011, p7503). 
Mixed-methods research leads to five key insights that prove useful in developing a refined 
energy use/CO2 emissions and human welfare framework:  
i. On a global scale, a borderless comparison of rich and poor global populations 
highlights global CO2 emissions and human development inequality, revealing it to be 
much larger than national comparisons allow. For example, a traditional inter-country 
analysis yields the conclusion that 15% of the world’s population have human 
development levels considered Low by the United Nations Development Programme 
(UNDP) and emit 1.4% of global CO2 emissions. However, the use of intra-national 
analyses, undertaken on a global basis, reveals that the percentage of populations with 
Low human development levels is actually 22%, encompassing an additional 454 million 
people. Surprisingly, despite the significant increase in the number of people in this 
cohort, their collective CO2 emissions show no notable increase, and remain at 1.4% of 
global emissions. 
ii. Once High human development status is achieved by a sub-national population, the 
adoption of income-enabled consumer lifestyles serves as the main driver behind 
increased CO2 emissions.  India provides a clear example. Although increased 
consumption of goods and services is largely responsible for increases in CO2 emissions 
across all income deciles in India, populations transitioning to High human development 
status see a much more pronounced relative increase in consumption driven CO2 
emissions. 
iii. In India, total direct household energy use emissions – including non-commercial 
biomass emissions, but excluding direct transport emissions – are surprisingly flat across 
both deciles and years analysed. This appears to be both despite, and because of 
household transitions from solid fuels to modern energy carriers – especially electricity 
services, even when they are based on coal-fired power generation, due to their increase 
in end-use efficiency.  
iv. For the local refugee population studied, household benefits from the transition to 
modern energy carriers for cooking become particularly apparent when the cooking 
solutions of impoverished populations are placed in the Sustainable Energy for All 
cooking energy access framework. 
v. There are no national or sub-national quintile populations that have attained both High 
human welfare and modern energy access, yet have average per capita CO2 emissions 
below the level needed to likely limit global warming to less than 2 °C.  
The refined framework presents two compelling global challenges connected with the vision of a 
world characterized by universal High human development and minimal global warming. First, 
traditional development and CO2 emissions pathways cannot be followed by the four billion 
people that had yet to achieve High human development in 2012. This challenge is of particular 
importance in relation to initiatives which target the estimated three billion people lacking access 
to clean cooking fuels and/or electricity. 
Second, the three billion people who had already achieved High human development in 2012 
must rapidly and deeply decarbonize their lifestyles, without compromising their High human 
development standards. As a group, this population had an average 2012 global per capita CO2 
emissions level of more than five times the level needed by 2030 to likely limit global warming 
to less than 2 °C. In the absence of economy-wide deployment of technologies enabling high 
energy use with zero or negative emissions – or a global economic restructuring – populations 
already living at the High human development standard will have to adopt significant lifestyle 
changes at the individual, grassroots level if the necessary emissions reductions are to be 
achieved by 2030.
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1 Introduction 
This PhD project explores the impact of income inequality on the links between energy use and 
human welfare. A desire to improve human welfare through more sustainable and healthier use 
of energy – less non-renewable resources, less associated pollution, and greater human benefits – 
motivates this research. This work hypothesises that an improved framework for understanding 
the links between energy use and human welfare will help identify energy development paths 
that more efficiently use energy to provide greater and more equitable human welfare – 
especially for impoverished populations. 
1.1 Background 
According to a report arising from the initial United Nations’ (UN) mobilisation towards a 
sustainable and equitable energy future, in 2014 more than 3 billion people lacked modern and 
clean options to meet all of their basic energy needs [1]. In contrast, in that same year 1.25 
billion people lived in the world’s more developed regions [2], which offered residents 
widespread energy access to meet a wealth of modern society needs [3]. In transition somewhere 
between the two extremes were 3 billion people. Observed linkages between human welfare 
benefits, as might be measured by national Human Development Index (HDI) gains, and growth 
in per capita national energy use represent a central driver for a global push towards universal 
electricity and modern cooking solution access by 2030 [1]. 
However, understanding around the connections between energy and globally pressing issues 
such as limited resources [4], energy security [5], conflict [6] and global warming [7, 8], also 
place constraints on the energy and development growth pathways followed by nations in the 
past. In particular, the close link between greenhouse gas (GHG) emissions and energy use [7] 
has led researchers to identify and explore nations that have realized more national development 
gains with less per capita energy use and GHG emissions [9-12]. Other researchers, such as 
Chancel and Piketty [13] have posited an average global per capita GHG ‘sustainable’ emissions 
level required through 2100, to likely keep global warming to below 2°C.
1
 
                                                 
1
 This number appears in their text as both 1.2 and 1.3 t CO2e per capita. In this study, the difference is split at 1.25 t 
CO2e. The authors arrive at this number by dividing IPC estimates of an 88 year, 1000 GT CO2e emissions 
allowance under scenario Representative Concentration Pathway (RCP) 2.6 [7] by the sum of annual UN population 
estimates through 2100. The authors choose RCP 2.6 as it is the only scenario in Intergovernmental Panel on 
Climate Change (IPCC) [7] that likely contains the global temperature rise range below 2°C. 
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Figure 1 presents a plot (developed as part of this thesis) of HDI against per capita GHG 
emissions when consumption-based, rather than territorial (national, or production-based) 
emissions accounting is used. The consumption-based GHG emissions depicted in Figure 1 
represent the national per capita emissions from six GHGs
2
 (measured in the combined unit of 
carbon dioxide equivalent or CO2e), after adding the emissions involved with the country’s 
imports and subtracting the emissions involved in the country’s exports from its production-
based GHG emissions [14, 15]. Although the axes used in Figure 1 represent national HDI scores 
and per capita GHG emissions, extra text has been added to each axis label in order to highlight 
the relationships between energy and aspects of short term and long term human welfare. The 
vertical red line in Figure 1 represents Chancel and Piketty’s [13] posited average global per 
capita ‘sustainable’ GHG emissions level. 
                                                 
2
 Methane (CH4), Carbon Dioxide (CO2), Nitrous Oxide (N2O), F-gas Fluorinated gases (Hydrofluorocarbons, 
Perfluorocarbons, and Sulfur Hexafluoride). 
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Figure 1 HDI vs per capita consumption-based CO2e emissions for 158 nations and 6.9 billion people in 2012  (author 
using UNDP [16], UNDESA [2], WRI [17] and EORA [14, 15] data). Plotted country markers are sized relative to national 
population size. UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and 
yellow  respectively. The world average per capita energy use is drawn vertically in black. Chancel and Piketty’s [13] 
posited average global per capita emissions level (1.25 t CO2e per capita) required through 2100, to likely keep global 
warming to below 2°C is drawn in red. 
In Figure 1, a red arrow is used to highlight the observed traditional relationship between HDI 
and GHG emissions: in general, HDI increases are also accompanied by increases in GHG 
emissions. As GHG emissions from energy use comprised 78% of total global GHG emissions in 
2012 [17], it is fairly evident that growing GHG emissions also signal growing energy use. The 
x-axis in Figure 1 helps clarify that growing per-capita GHG emissions – in part from energy use 
– represent a central driver for at least one major long term human welfare challenge, ongoing 
anthropogenic changes in the world’s climates [7, 8]. The y-axis differentiates the HDI as a short 
term measure of human welfare. Figure 1 makes it evident that as of 2012, no national 
population had achieved high human development while maintaining national GHG emissions 
below Chancel and Piketty’s [13] threshold (the space highlighted in orange).  
All nations in Figure 1 require transitions in order to approach and enter that space. Inequalities 
between nations in terms of both HDI and GHG emissions help define national transitions 
needed. The green arrow in Figure 1 represents transitions towards improvements in conditions 
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for continued long-term high human welfare through the reduced GHG emissions likely to keep 
global warming below 2°C. The purple arrow in Figure 1 represents transitions toward 
improvements in both short and long-term human welfare as poorer nations in the world move 
toward conditions of high human development and low GHG emissions. Such transitions are 
necessary under concepts of sustainable development that understand that “[p]overty is not only 
an evil in itself, but sustainable development requires meeting the basic needs of all and 
extending to all the opportunity to fulfil their aspirations for a better life” [19, Item 27]. 
Ongoing global initiatives support both required transition pathways. The United Nation’s 2011 
Sustainable Energy for All (SE4ALL) initiative supports long-term human welfare gains through 
targeted national transitions to lowered GHG intensity energy sectors and low GHG emissions 
renewable energy sources [1]. The United Nation’s 2015 Sustainable Development Goals (SDG) 
[20] support short-term human welfare by focusing on 17 development goals between 2015 and 
2030. SE4ALL and the SDGs cross over on the core development goal of universal modern 
energy access by 2030. This goal supports short-term human welfare gains by reducing the 
negative health impacts of air pollution arising from solid fuel use in households [21]. However, 
achievement of the goal provides the basis for increases in per capita and cumulative GHG 
emissions from energy use in large developing populations [22], which when connected to global 
warming, represents a challenge to long-term human welfare. 
Pioneering work by Chakravarty et al. [23] in the sub-national distribution of territorial carbon 
dioxide (CO2) suggests that energy powered poverty alleviation efforts aimed at individuals 
rather than nations need not hinder long-term human welfare focused global GHG emission 
targets. In fact, Chakravarty et al. find that poverty-focused short-term energy access agendas 
(electricity, transport fuels, LPG for cooking), are “nearly decoupled” with climate change 
mitigation. However, additional work on the sub-national distribution of GHG emissions by 
Chancel and Piketty [13] points out that although between-country GHG emissions inequality 
decreased between 1998 and 2013, within-country
3
 GHG emissions inequality increased over the 
same time period. These two trends – in particular the growth in within-country GHG emissions 
                                                 
3
 The terms ‘within-country’ or ‘intra-country’ will be used throughout the thesis to refer to observations occurring 
inside a country. The terms ‘between-country’ or ‘inter-country’ will be used to reference observations across more 
than one country. 
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inequality over time – highlights the growing need for globally focused energy use/GHG and 
human welfare frameworks to better integrate sub-national dimensions and discussions.  
1.2 Research questions and objectives 
This doctor of philosophy (PhD) project addresses that need by exploring different methods for 
better understanding inequality’s impact on the relationship between sub-national energy 
use/GHG emissions and sub-national human welfare. The overarching goal of the PhD is to use 
that exploration to create an improved framework for understanding the links between energy 
use and human welfare. Three research objectives, each occurring on a differing scale, support 
that goal. 
Research objective one: Understand the impact of within-country income inequality on the 
global distribution of energy use/GHG emissions and human welfare.  
A modelling process is undertaken to better understand the impact of intra-country income 
inequality on the global distribution of energy use/GHG emissions and human welfare. 
Modelling builds on recent literature from Chakravarty et al. [23] and Chancel and Piketty [13], 
who allocate national GHG emissions to sub-national populations based on income levels. 
Modelling additionally extends the work of Grimm et al [24] who estimate sub-national HDI 
scores for a panel of countries from all United Nations Development Programme (UNDP) [18] 
development categories. The model aims for global coverage, but is limited by the availability of 
UNDP [25] and energy/GHG emissions [14, 15, 17] data. 
This chapter’s contribution is to present a globally scoped correlation between sub-national GHG 
emission distributions and sub-national HDI distributions in 2012. While sub-national GHG 
emissions distributions have appeared in literature [13, 23], this is a first attempt to estimate HDI 
distributions at a sub-national level for the entire world. This works builds on and extends the 
work of recent work on relationships between aspects of human well-being and energy use/GHG 
emissions [9-12, 26] by focusing specifically on within-country inequality. Notable outputs from 
this chapter include a cumulative global population distribution ranked by income quintile HDI 
scores, and plots of HDI vs consumption-based CO2 and CO2e emissions for income quintiles 
rather than nations.  
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Research objective two: Understand the impact of within-country income inequality on the 
distribution of energy use/GHG emissions and human welfare in a single nation – in this 
case India. 
India was chosen as a focus nation due to the size of its population, its medium human 
development status and its growing importance in global GHG discussions. This chapter uses 
India Human Development Survey (IHDS) data [27, 28] to generate household consumption and 
emissions distributions for India in both 2005 and 2012, and consults the EORA global multi-
regional input output database [14, 15] for sectoral intensities of India’s economy. The analysis 
uses HDI 2016 methodology [18].  
This chapter’s contribution is to present a nationally scoped correlation between sub-national 
CO2 emission distributions and sub-national HDI distributions for India in both 2005 and 2012. 
This work extends past survey based household energy use and/or emissions analyses [29-42], by 
integrating consideration of the HDI in the analysis. A notable output from this chapter includes 
income decile-based correlations between HDI scores and the direct (excluding private 
transportation) and indirect energy use and CO2 emissions of Indian households.  
Research objective three: Understand the impact of locally assessed inequality between 
households on the distribution of cooking energy/GHG emissions and human welfare in an 
impoverished population. 
The PhD project includes a case study of a refugee camp in order to take prior, impersonal, data-
heavy research objectives and ground them in the energy use realities of a population living in 
poverty, inequality’s “unacceptable dimension” [43]. The methodological departure of the final 
portion of the PhD from initial portions arises from both personal and poverty focused energy 
literature observations  of the importance of being mindful that “the fact that poverty alleviation 
is about people, people who are in situations very difficult to imagine for many of us, who write 
or read papers like this one” [44, p7503]. 
As spatial focus narrows to the household level, so does the need for a tighter focus on the 
energy services in use in households and a contextualized consideration of inequality. Household 
focused research builds on 36 semi-structured interviews with relevant stakeholders, household 
kitchen observations and a literature review in order to present a case study of cooking systems 
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in use among refugee populations on the Thai/Myanmar border. This portion of the study uses a 
household vulnerability scale developed by The Border Consortium (TBC), the longest running 
non-governmental organization (NGO) serving refugee populations on the Thai/Myanmar 
border, to observe household inequality. The refugee camp research was supported by an 
Endeavour Research Fellowship and carried out in collaboration with TBC.  
Given the overarching goal of this thesis, the refugee camp section provides a real world context 
to human inequality presented as energy/GHG emissions and HDI data points in earlier research 
objectives. In the context of existing literature [45-52], this research contributes a new refugee 
cooking energy focused case study. In particular, this research differs from recent refugee and 
displaced person energy research [1, 46, 52, 53], by focusing on the links between cooking 
energy access and household inequality in Thai/Myanmar border refugee camps having only a 
single official cooking energy fuel option.  
1.3 Thesis outline 
The thesis progresses in three portions. 
Introduction (Chapters one and two) 
The introduction provides motivation, background, and an overview of the research objectives 
undertaken as part of the thesis. The literature review in chapter two establishes the basis for the 
descriptive unifying energy - human welfare framework that underpins this thesis and leads to 
the identification of research objectives. Methods and research objective specific literature 
reviews are detailed in the relevant chapter. 
Research description and findings (Chapters three through five) 
Each research objective is dealt with in a separate chapter. Chapter three tackles the global focus. 
Chapter four addresses a single-nation analysis focused on India. Chapter five presents the 
refugee camp case study. Each chapter has a similar format. A literature review is provided as 
part of the introduction/background of each research objective focused chapter. This is followed 
by a section detailing the research methods used. Key research findings are presented in a results 
section and a discussion of the findings from each research objective follows. Chapter 
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appendices contain additional findings (outside the scope of the question, but still relevant) and 
supporting material.   
Discussion and conclusion (Chapters six and seven) 
The section presents an overall discussion of an improved energy use/GHG emissions and 
human welfare framework, reflecting not just between-country inequality as traditionally done, 
but capturing within-country inequality as well. The thesis concludes by considering the 
implications of the research on global efforts to alleviate poverty by improving the energy-
related aspects of poor people's lives, and suggesting logical extensions of this work. 
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2 Literature Review 
This literature review centres on understanding inequality’s impact on the links between energy 
and human welfare. The deliberate crossing of inequality and poverty with energy gives a 
“human centre” to energy focused literature [54] by addressing the human domain perpetuating 
the intractable climate, resource, inequality and development challenges facing humanity today. 
Figure 2 provides a conceptualization of the intertwined challenges guiding this study’s literature 
review. 
 
Figure 2 Conceptual diagram guiding this energy and human welfare focused literature review 
The literature review process involved the iterative collection, review, and coding of literature.
4
 
Four conceptual categories emerged during the collection, review, and coding process. Those 
categories represent the traditional development steps shown in Figure 3. Short-term and long-
term human and energy relationships are assessed on the vertical and horizontal axes 
respectively. Positive long-term relationships are shown toward the right of Figure 3 while 
positive short-term relationships are located towards the top of the plot. 
 
                                                 
4
 Appendix 2-A lists the keywords used to code literature based on its focus. It should be noted that the literature 
approach suffers from the same problems observed by Sovacool [358], which include, “the somewhat subjective 
nature of synthesizing and coding qualitative data, the limited sample size of articles (the author searched only major 
energy studies journals with articles written in English), and the messiness of trying to fit a theory around such a 
large amount of information.” 
 Resource 
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Figure 3 Energy and human welfare relationships over the short and long term (modified from 5 Feb 2015 PAL sketch) 
The literature review is presented according to the categories shown in Figure 3, which comprise  
 “energy impoverished” (category A) populations that lack modern energy services to 
improve aspects of human welfare (health, education, income, social, et cetera) as 
determined by a community or individual;  
 “energy vulnerable” (category B) populations that have electricity and clean cooking 
facilities but suffer from both poor short-term energy-related human welfare 
(affordability/income, health, education, scarcity, insecurity…) and poor long-term 
energy-related human welfare (climate impacts, resource sustainability, et cetera) 
relationships with modern energy services;  
 “energy troubled” (category C) populations having a good short-term energy and human 
welfare relationship, but a poor long-term energy related human welfare (climate 
impacts, resource sustainability, et cetera) net relationship with modern energy services; 
“energy sufficient” (category D) populations enjoying positive net short and long-term human 
welfare relationships with energy. 
Note that although traditional development focuses on populations moving towards 
improvements in short term human welfare, movement can exist in the other direction as well. 
Although Figure 3 makes them appear as discrete steps, populations on the boundaries of 
Poor 
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categories are expected to move fluidly in both directions. Future depictions will capture this 
dynamic. 
2.1 Overview of the available literature 
Table 1 lists the 62 journal articles included in the literature review along with coding from 
Appendix 2-A and category placement from Figure 3. Appendix 2-B provides a brief 
introduction to the relative representation of the common coding terms in science and energy 
focused journals.
5
  
Table 1 Categorized and coded* journal articles included in the review 
Author, date A B C D Citations
6
 
Banki, S. (2009) [55] F    11 
Barnes, D. F., et al. (2011) [56] EP FP   38 
Bazilian, M., et al. (2014) [57] EP    10 
Bell, M. L., et al. (2004) [58]  EH  716 
Bhattacharyya, S. C. (2012) [59] EP    33 
Boardman, B. (2012) [60]  FP   7 
Bouzarovski, S., et al. (2012) [61]  FP   30 
Brees, I. (2010) [62] F    23 
Bullard III, C. W. and R. A. Herendeen (1975) 
[63] 
  EU  384 
Cabraal, R. A., et al. (2005) [64] EP, EH, EE FP, EH, 
EE 
  123 
Cardis, E., et al. (2005) [65] EH  438 
Casillas, C. E. and D. M. Kammen (2010) [66] EC, EP EC   69 
Chakravarty, S., et al. (2009) [23] EC, EP  EC  169 
Chester, L. (2014) [67]  FP   1 
Davis, L. W. (2010) [68]  F  61 
Dietz, T., et al. (2009) [69] F  86 
Dolly Kyaw and J. K. Routray (2006) [70] F    3 
Donoghue, A. (2004) [71]  EH  95 
                                                 
5
 This literature review took place in early 2015. Between that time and June 2017, indicates that 3,812 additional 
articles matching literature review keywords have appeared in the Science Direct database. New literature is not 
expected to alter emergent conceptual categories. However, new literature is expected to allow a more in-depth 
characterization of the populations in each category. See Appendix 2-B. 
6 Citations were sourced using article title and Google Scholar [359], and provide a quick indicator of a document’s 
influence on other published literature as of February 3, 2015. 
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Author, date A B C D Citations
6
 
Epstein, P. R., et al. (2011) [72]  EH  148 
Fankhauser, S. and S. Tepic (2007) [73]  FP   112 
Goldemberg, J., et al. (1985) [74] EP    104 
Goldthau, A. and B. K. Sovacool (2012) [75] ER, ES, EC  29 
Groh, S. (2014) [76] EP FP   6 
Grubler, A. (2012) [77] F  40 
Haas, R., et al. (2008) [78]   EU  62 
Healy, J. D. and J. P. Clinch (2004) [79]  FP   69 
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2.2 Energy impoverished 
Energy impoverished populations lack access to modern energy services to meet their basic 
human needs. Exploring the characteristics of this population requires discussions of basic 
human needs, modern energy services, and access. The review takes a few diversions along the 
way to touch on formative initiatives and terminology such as the Millennium Development 
Goals (MDGs) and energy poverty. 
Basic human needs 
Pachauri et al. [94] ably discuss differences in approaches to basic human needs, contrasting 
Maslow’s [86] “theory of human motivation” with Amartya Sen’s work on well-being and 
values [98] or “the various things a person may value as being necessary for achieving a good 
life” [94, p2084]. Nussbaumer et al. [90] point to work by Sen [110] as foundational for their 
work on energy poverty. Goldemberg et al. [74] are influenced by the basic human needs 
approach to development stemming from the International Labour Organization’s 1976 World 
Employment Conference as discussed by Palmer [95]. Different approaches yield different basic 
human needs and Pachauri et al. [94, p2084] additionally observe that the diversity of climates 
and contexts for human life on earth results in no clear “universally accepted set of minimum 
basic needs”.  However, that hasn’t stopped researchers or practitioners from trying to map out 
basic human needs and their energy inputs – especially in the context of development. 
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 Energy and the MDGs 
Energy does not appear in the MDGs, which arose at the conclusion of the UN Millennium 
Summit in 2000 [111], in part to address basic human needs. However, literature mentions 
energy’s links with the MDGs [57, 64, 90, 91, 104], with most drawing from an influential 
UNDP report [112] linking each individual MDG to energy.  An empirical study of energy’s 
impact on the MDGs returned mixed results, finding “that the benefits to development of access 
to energy services vary considerably” [91, p101]. The study posits that while energy driven 
development over the time span covered correlates with costs to sustainability and biodiversity, 
energy services supporting development targets focusing on poverty, hunger and drinking water 
correlate with effective development returns. Cabraal et al. [64] argue that energy used for 
education, health and women’s empowerment comprise productive uses – income raising uses – 
of energy in addition to any basic needs such services meet. 
Energy services 
In 1976, Lovins [5, p199] quipped that  ‘‘people do not want electricity or oil, nor such economic 
abstractions as ‘residential services’, but rather comfortable rooms, light, vehicular motion, food, 
tables, and other real things”. Lovins abstract “residential services” serves the same role that 
“energy services” fills in literature today - as a general bridge between energy and human needs. 
Sovacool’s [103] thorough and up to date discussion of energy services quotes Modi et al. [112, 
p9] presenting energy services as the “benefits that energy carriers produce for human well 
being’’. In contrast to Lovins abstraction, Sovacool concretely contextualizes energy services in 
income-divided urban settings.  
Pachauri [93] puts forth cooking, lighting, heating and communication as the absolute minimum 
energy services required at a basic needs level. Pachauri notes that Practical Action, an energy 
focused NGO, additionally includes energy to earn a living and energy for public (social) 
infrastructure in energy services required to meet basic needs. Sovacool et al. [107] add mobility 
and mechanical power to the list of “essential” needs while describing steps in an ongoing UN 
led energy access initiative (shown in Table 2) aimed in part at addressing basic human needs 
through energy use. Basic human needs met in part by direct energy service use in Table 2 
converge with Pachauri while also addressing basic human needs met by indirect service uses 
such as education and health.  
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Table 2 UN-Energy service access steps [Adapted from 107] 
Level Electricity Use kWh per 
person 
per year 
Solid Fuel 
Use 
Mobility Kilograms of oil 
equivalent (koe) 
per person per 
year 
Basic Human 
Needs 
Lighting, health, education and 
communication 
50-100 Cooking and 
heating 
None, walking or 
bicycling 
50-100 
Productive Uses Agriculture, water pumping for 
irrigation, fertilizer, 
mechanized tilling, processing 
500-1000 Minimal Mass transit, 
motorcycle or 
scooter 
150 
Modern Society 
Needs 
Domestic appliances, cooling, 
heating 
2000 Minimal Private 
transportation 
250-450 
 
In Table 2, productive use (income) and mass transit (infrastructure) appear only after basic 
needs are met. This highlights additional critical aspects of populations in category A. First, 
limited income and access to public infrastructure result in limited engagement with energy 
dependent modern society services. This, in turn, results in limited indirect energy use. Second, 
due to low incomes, non-commercial sources play a key role in energy use. For example, 
Pachauri et al. [94] point out in their study of energy use in Indian households that self-collected 
energy carriers such as dung and wood, comprise 80% of village energy use. In cases of non-
commercial solid fuels, Cabraal et al. [64] discuss the negative health, social, and education 
impacts on those tasked with their collection and use. 
Energy access 
In a critical review of energy access programmes, Bhattacharyya [59, p261] elects to define 
energy access as “access to modern and clean, affordable and reliable energy services by the 
population of a country” despite noting both a differing International Energy Agency (IEA) 
definition that includes a minimum threshold of electricity use and Pachauri’s [93] attempt to 
bring international consensus to the term. A growing body of literature focuses on a lack of 
energy access to modern energy services, or energy poverty, and specifically how to define and 
measure it. For example, the UN [113, p8] refers to energy poverty as “inadequate and unreliable 
access to energy services and reliance on traditional biomass”. 
Pachauri and Spreng [44] discuss the use of various metrics to capture aspects of energy poverty 
including traditional national measures such as access to modern fuels and electricity as 
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indicated by the IEA and World Health Organization (WHO), along with innovative academic 
measures such as Pachauri et al.’s [94] application of an “energy access-consumption matrix” to 
India. In another innovative instance, Barnes et al. [56] measure the “threshold point at which 
energy consumption begins to rise with increases in income” in Bangladesh, finding this energy 
poverty metric to be useful in estimating the effectiveness of basic needs focused government 
initiatives. Nussbaumer et al. [90, 92] create yet another energy poverty metric, the 
Multidimensional Energy Poverty Indicator (MEPI) covering modern cooking fuels, indoor 
pollution, electricity access, appliance ownership, and telecommunication. Sher et al. [99], 
building off similar methodology to Nussbaumer et al. [90], measure multidimensional energy 
poverty in Pakistan.  
Recent energy poverty metrics represent a move towards greater metric dimensionality and better 
contextualization of the lived realities of poor people and their relationships with energy. 
Pachauri and Spreng [44] point out the importance of metrics that foster better and deeper 
understanding of the lives of poor people. This provides a solid reminder that energy access 
alone is not the goal. Using access to energy services to positively impact the lives of the world’s 
most impoverished people is the ultimate goal.  
Energy, climate and resources 
In a paper exploring the relationship between fossil fuel use, CO2 emissions, and income, 
Chakravarty et al. [23] show that in 2003, the world’s poorest people represented its lowest 
emitters of CO2 per capita. Extrapolating data to 2030, Chakravarty et al. [23, p11886] find that 
“addressing climate change mitigation and meeting the basic energy needs of the global poor are 
nearly decoupled objectives.” Notably, their calculations do not include land use change, a driver 
for CO2 emissions in poorer countries [66]. Sovacool [104] finds that beyond implications for 
climate change, solid fuel use to meet human energy needs impacts heavily on local land and 
forest resources.  
Where do energy impoverished populations live? 
Li et al. [83] find that in 2009, 97% of the world’s 1.3 billion7 population lacking electricity lived 
in either Africa or Asia (not including China). Shyu [100] finds that in that same year, 84% of 
                                                 
7
 Li et al. arrive at this figure using IEA data. An oft quoted figure of 1.4 billion for the same target population and 
year is derived from similar data sources using slightly different methods. See attachment two, discussion section. 
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that population lacking access to electricity lived in rural areas. With respect to solid fuels used 
for cooking and heating, Sovacool [104] finds that in 2009, 96.8% of the world’s 2.7 billion 
population lacking modern fuels lived in either Africa or Asia (including China). Groh [76] 
reports that 84% of the population cooking with traditional biomass
8
 is rural. 
Summary 
Key characteristics of individuals populating this category include a lack of access to either 
modern cooking solutions or electricity driven energy services, or both. Largely self-collected 
un-monetized energy carriers power basic energy services, while impacting heavily on local 
resources. Low incomes and lack of access to energy intensive public infrastructure severely 
curtails indirect energy use by energy impoverished populations. Overall, most people in energy 
impoverished populations live in rural areas of Africa and Asia and represent low per capita CO2 
emitters. 
2.3 Energy vulnerable 
Energy vulnerable populations in the literature are more difficult to identify. The bottom 
threshold at which a population makes the transition from lack of access to modern energy 
services to access to modern energy services remains blurry. For instance, a Trac [109] study 
using household surveys found solid fuels still prevalent for cooking and heating in a village in 
China even after 30 years of abundant, reliable and affordable electrification. For the sake of 
clarity with respect to this review and the conceptual framework, an individual crosses the 
threshold to access to modern energy services simply when they gain physical access to 
electricity and modern cooking solutions, not when they start using them.  
The upper threshold beyond which one moves into a good short-term human welfare relationship 
with energy is even less clear. However, Barnes et al.’s [56, p895] energy poverty line “at which 
energy consumption begins to rise with increases in income” contains two key concepts which 
may signal substantive movement towards engagement with the human welfare benefits of 
modern society: increasing direct energy use and increasing income allowing for increasing 
indirect energy use. The following literature review for category B aims to not only increase 
                                                 
8
 He quotes a slightly different figure of 2.6 billion for the total population cooking with traditional biomass, based 
on 2004 WHO data. He does not provide a year for the statistic on rural population but refers to IEA reports from 
2011 and 2012. 
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clarity on the characteristics of populations in this category but also on the category’s upper 
bound. 
Fuel poverty 
After gaining physical access to modern energy services, affordability represents a central 
determinant in an individual’s ability to use those modern energy services to meet human needs. 
Li et al. [83] use Figure 4 to make a distinction between literature covering the energy poor 
(space A, and dealt with in energy impoverished literature review) and the fuel poor (space C). 
Li et al. find that fuel poverty generally refers to households located in richer but colder climates 
that cannot afford adequate access to the modern energy services available to them. Figure 4 also 
includes a crossover group of households (space B) that are both energy and fuel poor, and are 
generally found in poorer and colder climates that struggle with access to, and the costs of, 
modern energy service and heating [83]. The existence of this group speaks to the trouble in 
defining a hard bottom boundary between energy impoverished and energy vulnerable 
populations. 
 
Figure 4 Energy poverty and fuel poverty spaces [83] 
Although the relative sizing of the circles in Figure 4 suggests a smaller global fuel poor 
population than energy poor, Li et al. [83] provide no aggregate figure for the global fuel poor 
population. This thesis adheres to Li et al.’s division in energy and fuel poverty terminology 
throughout the document. As with energy poverty, fuel poverty does not have a uniform 
definition in literature. Although a fuel poverty line of more than 10% of income commonly 
appears in literature, Boardman [60] provides a discussion of the problems in arriving at a single 
fuel poverty definition.  
Bouzarovski et al.’s [61] policy survey finds increasing visibility of fuel poverty in the European 
Union (EU) at a policy level in 2009 and 2010. Fankhauser and Tepic [73] measure fuel poverty 
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in former Soviet Union countries and find that even with a lack of data on low income household 
spending, fuel poverty with respect to heating and electricity is an issue in many of the countries 
studied - especially among the bottom decile of each state population. Healy and Clinch [79] 
statistically analyse the results of a national household survey in Ireland and estimate that 17.4% 
of Irish homes (226,000) experienced fuel poverty in 2001, with roughly one quarter of that 
number suffering from chronic fuel poverty. In the article, the authors refer to a 16.4% fuel 
poverty figure for households in the United Kingdom (UK) in 1998. Notably, Li et al. [49] 
provide a UK government statistic for fuel poverty of 7.4% (4.5 million people) for 2011, either 
showing a large improvement from 1998 or a change in the fuel poverty metric. Liddell and 
Morris [84] specifically target the health implications of fuel poverty in a survey of fuel poverty 
interventions in the UK and New Zealand. Chester [67, p6] expands the view of fuel poverty 
beyond the UK, New Zealand and Europe to include Australia and the United States of America 
(USA), and argues that “the conjunction of rising energy prices, low income and poor housing 
energy efficiency” leads to systemic energy impoverishment in the countries studied. 
Fuel poverty research focuses on the plight of poorer people in richer countries, although fuel 
poverty is not limited to rich countries alone. In a study on fuel switching, Heltberg [80] shows 
large percentages of the populations of three of eight poorer countries for which he analysed 
national survey data, as existing in transition between solid and modern fuel use for cooking. In 
his study, not only did modern fuel use correlate with per capita spending, but also with 
electricity and running water in houses and increasing education. Results of the study indicate 
strongly that income plays a role in a household’s ability to switch cooking fuels when physical 
access to modern energy services are available, or said another way that fuel poverty exists in 
poorer countries. While this review briefly scrutinized papers by Trac [109] and Heltberg which 
dealt with fuel switching and flagged the issue of income in changing energy relationships, this 
area remains largely unexplored at this point in the review.   
Direct/indirect energy use 
Measures of the indirect energy services which underpin “[v]irtually all goods and services that 
characterize modern societies’ welfare” [78, p4012] have been pursued by researchers since the 
1970s. In a study of the 1967 USA economy, Bullard III and Herendeen [63] create a method for 
estimating embodied or indirect energy use in goods and services using input-output analysis. 
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Using a variation of input-output analysis called hybrid energy analysis, Reinders et al. [97] 
calculate the direct and indirect energy use of 11 countries in the EU finding a large variation, in 
part driven by climate differences, in percentage of indirect energy use between countries. 
Although the 11 country study allows for comparison of richer versus poorer countries in the 
group, its design does not allow for comparisons within countries by income level and lifestyle 
choices.  
Pachauri and Spreng [39] mention other studies using energy input-output analysis in goods and 
service research on Germany, Canada, the UK, and New Zealand and then extend past energy 
input-output analyses of India to 100 disaggregated sectors and additional years. The 100 sector 
study does not account for differences between households within India, but does find that 
household energy use comprises 75% of the total energy use in India, that direct and indirect 
energy splits evenly across household use, and that food requirements make up 50% of indirect 
household energy use. Moll et al. [89] apply hybrid energy analysis to four countries in Europe. 
They also analyse cities in two of those countries.  
Income and energy 
On particular importance for this review, Moll et al. [89] differentiate energy use between 
income groups within two of the countries. Figure 5 demonstrates that in 1998, income was a key 
factor in both direct and indirect energy use in the UK. 
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Figure 5 Direct and indirect energy use in the UK in 1998 [data from 89] 
Healy and Clinch’s [79] quoted 16.4% fuel poverty figure for the UK in 1998 suggests that up to 
82% of the first quintile in Figure 5 suffered from fuel poverty in that year. Figure 5 also 
highlights minimal relative direct energy use and a distinct lack of engagement with the indirect 
energy services underpinning modern society in the UK. Although Moll et al.’s [89] results for 
the Netherlands are less striking, they still show similar low levels of indirect use for the lowest 
quarter of the population when compared against higher income populations.  Moll et al.’s work 
highlights the usefulness of disaggregating national energy statistics by income, especially if 
such disaggregation might allow better sub-national correlations with human welfare data.  
Multiple studies make new explorations into the relationship between income and energy use. 
Groh [76] finds evidence of an “energy poverty penalty” by which structural handicaps lead to 
rural poor households in Peru spending a larger proportion of their income on energy services 
than those with modern energy access. From this finding Groh posits that improved energy 
service quality
9
 positively impacts the economic development of the poor. Wolfram et al. [22, 
p119] draw attention to the potential energy demand and climate impacts of rising incomes of the 
poor and “near poor” as they “get connected to the electricity grid, gain access to good roads, 
and purchase energy-using assets like appliances and vehicles for the first time”. Furthermore, 
the study recognizes that perceived linkages to improvements in welfare drive increased energy 
demand from such groups.  
                                                 
9
 He qualifies the term in stating that “poor energy service quality can refer to insufficiencies, unreliability, dangers 
in usage, low durability, unfitness, lack of after-sales service and even non-affordability, in the sense of poor 
financial services.” [76, p83] 
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Direct impacts of energy on short-term human welfare 
In some cases, energy has direct negative impacts on human welfare regardless of an individual’s 
access to, and use of modern energy services. This category includes populations suffering from 
the negative health impacts of air pollution from transportation [58] as well as pollutants 
stemming from the entire life cycle consideration of energy systems [72]. Populations displaced 
by energy projects [82, 101] and negatively impacted by climate change  [87] also fall into this 
category. Should proximity to a power plant in the USA be linked to increased negative human 
welfare impacts, a study of census data by Davis [68] suggests that poorer people will likely be 
impacted most. Davis found lower levels of education, income, and homeownership in 
neighbourhoods around USA power plants that began operation in the 1990s. Occupational 
health and safety hazards from coal mining [71, 72] and the entire nuclear fuel chain [65] might 
also be included here, although a study of individuals facing the greatest risks in energy 
industries would be needed to appropriately place impacted populations in either energy 
vulnerable or energy troubled categories.  
As the negative human welfare impacts of energy issues such as these are largely externalised by 
current energy systems, affected individuals and communities are left to deal with them. On a 
positive note, should current externalities be internalised by energy systems, McMichael et al. 
[88] point out that “localised environmental health hazards” are largely addressable through local 
action. 
Externalities leading to long-term negative human welfare impacts 
In the same article, McMichael et al. [88, p194] point out that the health impacts of climate 
change – which literature [12, 23] links strongly and directly with energy use – require 
immediate local responses as well as long term adaptive strategies to address the large range of 
health risks to human welfare that “will particularly affect vulnerable and poorly resourced 
populations”. Those populations make up energy impoverished and energy vulnerable categories. 
Work by Steinberger and Roberts [12] and Chakravarty et al. [23] demonstrate that despite 
running higher risks from changing climates, individuals in energy impoverished and energy 
vulnerable populations make little contribution to the problem. 
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Summary 
Individuals populating the energy vulnerable category have physical access to modern cooking 
solutions and electricity driven energy services. However, low income creates conditions for fuel 
poverty and limits indirect energy use by energy vulnerable populations. As with the energy 
impoverished, limited indirect energy use limits interaction with the human welfare benefits that 
modern societies offer. For the energy vulnerable, income and energy use increasingly become 
intertwined. Despite low per capita CO2 emissions, the energy vulnerable, like the energy 
impoverished, sees greater vulnerability to the risk of negative health impacts from climate 
change. Energy vulnerable populations live in both rich and poor countries and do not have an 
inherent rural or urban bias.  
Following a review of the literature, category B’s upper boundary remains unclear. From a 
conceptual point of view, populations cross the upper boundary only when the human welfare 
benefits of energy use outweigh the overall costs that access to modern energy services brings 
with it. Such a relationship might be observed using human welfare indicators targeted 
specifically to the populations in question. However, the final qualification of that transition 
depends on the individual’s own assessment. In addition, populations along that border will 
change fluidly in either direction over time. If the study by Trac [109] is anything to go by, 
decades may not even be enough for individuals to transition from the appearance of movement 
across category B’s seemingly better defined lower threshold, to actual movement. From the 
point of view of this study, an inability to define a hard upper boundary delineating energy 
vulnerable and energy troubled categories does not pose a large problem for the overall utility of 
the conceptual framework. 
2.4 Energy troubled 
Although energy troubled populations form a key category in the energy impoverishment 
framework, minimal effort will be spent characterising this population at this point in the study. 
The energy troubled population has transitioned beyond short term impoverishment – a key 
focus of the initial portion of the research – and additionally represents a very familiar group to 
most of this study’s audience. Conceptually, individuals in this category can afford their 
relationships with direct use of energy services and engage with the indirect energy use 
underpinning modern society. Quintiles two through five in Figure 5 show that the energy 
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troubled population is spread across a range of incomes. Energy troubled populations operate 
comfortably in modern societies driven by the relationship between income, energy services, 
consumption and human welfare.  
Sovacool’s [103, p1663] characterization of household energy service use in urban settings lists 
“[c]onvenience, comfort, and cleanliness” followed by “[c]onspicuous consumption and social 
signaling” as the central drivers for energy use by energy troubled populations.  Global climate 
change and energy resource security concerns [75] form the major energy related long-term 
human welfare challenges facing energy troubled populations. Grubler [77] amply discusses the 
historical energy transitions leading to the current energy troubled state of many populations and 
argues for changes in policy needed to move the energy troubled in the direction of energy 
sufficiency. Further analysis of these issues is beyond the scope of this study at this time. 
2.5 Energy sufficient 
Energy sufficient populations have positive short and long-term human welfare relationships 
with energy. In literature, populations transitioning towards energy sufficiency are generally 
referred to as sustainable. However, Dietz et al.’s [69, p114] move away from the “elusive 
question of whether a nation is sustainable to the more tractable question of how efficient a 
nation is in producing human well-being“, more properly represents the interests of this study. 
The literature review spent little time studying this largely theoretical population. 
Energy sufficient populations will remain theoretical until such time as energy troubled 
populations work collectively with energy impoverished and energy vulnerable populations to 
deal with the long-term challenges shared by all three populations. That has not stopped 
literature from characterising energy transition steps that are central to the development of 
energy sufficient populations having sustainable high human welfare. An extremely brief 
sampling of human welfare focused transition steps put forth in reviewed literature follows. A 
further exploration is beyond the scope of this study. 
Following a review of the development of energy services over the past two centuries, Haas et al. 
[78] conclude that sustainability requires the changes depicted in Figure 6. The necessary future 
developments shown in Figure 6 represent changes required of all global populations. 
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Figure 6 Development trends leading to sustainability [78] 
Figure 6 suggests that global gross domestic product (GDP) and the share of renewables in the 
global energy mix need to increase while total energy use and energy intensity need to decrease. 
Furthermore, Haas et al. [78] identify the combined need for optimal GDP, energy service and 
human welfare maximising relationships; strong efforts to reduce current levels of waste and 
pollution; and a distributional equity focus on the highest impact use of limited energy resources 
to improve human welfare. While many of the necessary future developments put forth by Hass 
et al. appear as motivational statements or individual goals in United Nations backed initiatives 
such as SE4ALL [114] or the SDGs [20], there is no current overarching framework 
coordinating the unified movement of nations and populations towards both sustainable high 
human welfare and sustainable energy for all. 
Literature also focuses specifically on making poorer populations sustainable. Groh [76] suggests 
poor-focused energy infrastructure efforts that support energy service diversity and take 
advantage of apparent examples of high human welfare and energy use decoupling, such as those 
in Peru. Steinberg and Roberts [12, p432] use their findings on the decoupling of energy, CO2 
emissions and human development over time to challenge the assumption, “that a high level of 
energy and carbon are a prerequisite for high living standards.” Using marginal abatement cost 
curves, Casillas and Kammen [66] argue for the existence of greater financial, human welfare 
and CO2 emission saving returns on “efficient low-carbon” energy services in rural over more 
developed regions lacking economies of scale. Chakravarty et al. [23] suggest that rapidly 
growing urban areas of developing countries offer global, least cost opportunities for energy and 
CO2 reduction synergies amidst “people of modest means”. Mainali et al. [85] offer a 
comprehensive novel energy index that tracks aspects of sustainable energy access in rural 
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settings. Figure 7 provides a look at key sustainability indicators tracked by Mainali et al.’s index 
for three developing countries, with the best performance in each category shown by placement 
towards the outside of the spider graph. 
 
Figure 7 Key Energy Sustainability Index indicators for China, India and South Africa covering 2006 to 2010 [85] 
Figure 7 shows India lagging behind China and South Africa in most index areas, but suggests 
that China and South Africa are fairly advanced in some aspects of rural energy access 
sustainability – including the human welfare focused Impact of HAP indicator sub-index which 
is measured in disability-adjusted life years. Mainali et al.’s [85] explicit inclusion of a human 
welfare focused indicator in their work represents an example of the combined tracking of 
energy sustainability and improved human welfare progress in a single indicator. 
At the moment, energy sufficient literature is largely prescriptive and sits beyond the scope of 
this study. However, if MDG focused energy literature is anything to go by, the final formulation 
of the Sustainable Development Goals (SDGs) in the latter half of 2015 [20] will spawn a large 
and more descriptive pool of energy literature focused on populations approaching energy 
sufficiency. Lamb [9], who assesses SDG connected indicators alongside CO2 emissions 
represents an early example of SDG connected energy sufficiency literature tracking measurable 
outcomes for twenty countries. The future availability of SDG data for countries enjoying all 
levels of traditional development, will improve the scope and approachability of energy 
sufficiency literature.  
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2.6 Conclusions and research objective selection 
Figure 8 introduces the descriptive unifying energy and human welfare framework that emerged 
from the literature review and drives the remainder of thesis research. The framework covers 
human welfare and the continuum of potential energy use phases that humans transition between. 
Phases populations pass through include energy impoverishment, energy vulnerable, energy 
troubled and energy sufficient. 
 
Figure 8 First draft of energy and human welfare framework *[1] 
As labelled in Figure 8, transitions to modern energy services derive short term end user value 
from their direct connections to end user defined improvements in health, knowledge, income 
and social engagement. However, modern energy service access that meets global targets but 
fails to deliver concrete linkages with human welfare merely shuffles the conditions of energy 
impoverishment in which an end user lives, into energy vulnerability. An energy vulnerable 
person can access modern energy services but continues to suffer from a net negative 
relationship with energy, usually due to a lack of the secure income needed to realize lasting 
access to modern energy services and improvements in the overall quality of life. A transition 
from energy troubled, where one has successfully engaged energy use to improve short-term 
Energy and human welfare framework 
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quality of life, to energy sufficient, where global long-term human welfare improves alongside 
reduced environmental and climate impacts, and greater system resilience, remains theoretical.  
Reviewed literature focuses heavily on the 3 billion energy impoverished – a population lacking 
access to the human welfare benefits of modern energy services, engaging marginally with 
modern society, and living in poorer countries. Energy impoverishment literature focuses on 
pathways providing initial energy supported transitions to healthier indoor environments, less 
fuelwood collection related hardship, and improved access to education, communication and 
health services.  
In relation to fuel poverty and indirect energy use, reviewed literature demonstrates a strong 
correlation, mostly in richer countries, between income and modern energy service engagement. 
More active literature aims to assert modern energy service to income causality. The literature’s 
description of the energy vulnerable engaging fitfully in the short-term with modern society in 
richer countries demonstrates that even when nations make a successful energy supported 
development transition, portions of national population do not share equitably in that success.  
Literature discussions of climate change and non-renewable energy resource use – driven up to 
this point in time almost exclusively by the lifestyles of the energy troubled – give rise to the 
question of what energy future 3 billion energy impoverished people are headed for in the long 
term. Do they need to transition through the energy vulnerable and energy troubled stages as 
shown in Figure 3?  
Reviewed literature fails to holistically capture the traditional energy transition shown in Figure 
8 and Figure 3 that incrementally moves populations from energy impoverishment, through 
energy vulnerability, to energy troubled in an income-driven human welfare system. Even if 
successful productive use empowerment from Table 2 were to simultaneously transition the 
energy impoverished to the energy troubled population, the locked-in resource and climate 
challenges of prevailing global energy systems still challenge long-term human welfare. A 
framework that incorporates the entire continuum of energy transitions that humans make 
between energy poverty and energy sufficiency is lacking in the literature surveyed.   
The lack of such a framework hinders the realization of clear shared visions of transition 
pathways for the poorest and most marginalized groups in all countries, from impoverishing 
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relationships with energy to a state of energy sufficiency that roundly and equitably supports 
human welfare. This literature review represents the first step towards that framework.  
 Research objective selection 2.6.1
Three research objectives have been selected to formalize the energy and human welfare 
framework through a thorough grounding in both globally and nationally representative data as 
well as the lived local energy realities of impoverished populations.  
 Research objective one: Understand the impact of within-country inequality on the links 
between energy use/GHG emissions and human welfare when considered at a global 
scale  
 Research objective two: Understand the impact of within-country inequality on the links 
between energy use/GHG emissions and human welfare when considered at a national 
scale – in this case India  
 Research objective three: Understand the impact of inequality between households in a 
poor population on the links between cooking energy use/GHG emissions and human 
welfare.  
The third research objective is essential in ensuring that both the final version of the energy and 
human welfare framework, and the ensuing discussion on energy impoverished populations, are 
directly informed by the energy realities of real people. 
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3 Global view of inequality in energy use/GHG emissions and human 
welfare 
3.1 Introduction 
This chapter’s guiding research objective is to better understand the impact of within-country 
income inequality on the global distribution of energy use/GHG emissions and human welfare. A 
modelling process is undertaken to address that objective. The model builds on literature from 
Chakravarty et al. [23] and Chancel and Piketty [13], who allocate national GHG emissions to 
sub-national populations based on income levels and Grimm et al [24] who estimate sub-national 
HDI scores for a panel of countries from all UNDP [18] development categories.  
This analysis extends recent work on relationships between aspects of human well-being and 
energy use/GHG emissions [9-12, 26], by correlating disaggregated rather than national 
distributions of GHG emission and HDI scores.  The goal of the analysis is to use publically 
available data to create a global distribution of sub-national HDI values and energy use/GHG 
emissions. The final results of this chapter are a cumulative global population distribution ranked 
by income quintile HDI scores, and plots of HDI vs consumption-based CO2 and CO2e emissions 
for income quintiles rather than nations. A literature survey suggests that this is the first attempt 
to estimate HDI distributions at a sub-national level for the entire world. This is significant 
because it allows movement beyond aggregate national development and inequality scores [18] 
to a better understanding of the within-country inequalities that the development process fails to 
address. 
3.2 Background 
Aspects of energy use are often correlated with the HDI and show up widely in literature [100, 
115-117]. Most correlations take a form similar to those presented in Figure 9. Correlations, such 
as HDI vs territorial energy use plot shown in Figure 9 have been used to suggest that up to a 
certain point, more energy use leads to rapid improvements in HDI scores, before increasing 
energy use only returns marginal HDI increases.  
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Figure 9 HDI vs per capita territorial energy use for 137 nations in 2012 (author using UNDP [16], UNDESA [2] and 
EORA [14, 15] data). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey 
and yellow respectively. The world’s average per capita energy use is drawn vertically in black. A vertical dashed brown 
line allows identification of the “Goldemberg Corner” [12], a space defining countries having both high human 
development and primary energy use of less than 50 GJ per capita.  
Figure 9 shows the region of transition between rapid and marginal HDI increases with energy 
use appearing somewhere between 20 and 50 GJ. Improving the human welfare of impoverished 
populations has long been part of national and global agendas. Determining the minimum energy 
needed by nations to do so is a more recent development as the world’s understanding of the 
environmental, economic and security challenges connected to energy use has improved [74]. 
The concept of the “Goldemberg Corner” [12], a space defining countries having both high 
human development and primary energy use of less than 50 GJ per capita evolved out of that 
improved understanding. 
Understanding around the connection between energy use and issues less physically tangible 
than limited resources [4], energy security [5] and conflict [6] has substantially increased since 
the Intergovernmental Panel on Climate Change’s (IPCC) [118] first climate change report in 
1990. In particular, the relationship between energy use and global warming and the need to 
reduce the CO2 connected with energy use has become not just clear, but pressing if further 
anthropogenic changes to the world’s climates are to be avoided [7, 8]. CO2 emissions from 
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energy use comprised at least 64% of total global GHG emissions, and at least 84% of total 
global CO2 emissions in 2012 [17]. Figure 10’s CO2 focused revision of energy’s relationship 
with the HDI provides a picture of the world’s top per capita territorial CO2 emitters and shows 
the average global per capita CO2 emissions in 2012. An adjusted “Goldemberg Corner” is 
shown in Figure 10 using the vertical dashed brown 3.5 t CO2 per capita emissions threshold [9]. 
 
Figure 10 HDI vs per capita territorial CO2 emissions for 180 nations in 2012 (author using UNDP [16], UNDESA [2] and 
WRI [17] data). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and 
yellow respectively. The world’s average per capita CO2 emissions level is drawn vertically in black. Chakravarty et al.’s 
[23] proposed 1t CO2 per capita emissions floor for impoverished populations is drawn vertically in brown. A vertical 
dashed brown line allows identification of the “Goldemberg Corner” [12], a space defining countries having both high 
human development and CO2 emissions of less than 3.5 t CO2 per capita [9].  
An interesting observation centres on China in a comparison between Figure 9 and Figure 10. In 
Figure 9’s territorial energy use plot, China appears just above the world average for territorial 
primary energy use. However, Figure 10’s depiction of territorial CO2 emissions presents China 
as well above the global average CO2 emissions. Since energy use accounts for more than 84% 
of global CO2 emissions, it would be expected that the jump from below world average 
territorial energy use to well above average territorial CO2 emissions would have something to 
do with the CO2 emissions intensity of China’s energy sector. World Bank [119] data indeed 
shows China with the third highest CO2 emissions intensity per unit energy use (mainly for coal, 
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which comprises 76% of the fuel supplying China’s electricity production and 91% of the fuel 
used to produce its heat [120]) in the world in 2012.
10
  
More advanced HDI and energy/emissions analyses can be found in the literature. Steinberg and 
Roberts [12] use their findings on the decoupling of territorial energy use, CO2 emissions and 
human development to challenge the assumption underlying mainstream energy development 
indicators, “that a high level of energy and carbon are a prerequisite for high living standards.” 
However, changing CO2 emissions perspectives in recent years have led to the recognition that 
territorial CO2 emissions do not always adequately capture the location of the consumers driving 
a nation’s CO2 emissions and that trade flows should enter into global CO2 accounting [121] – 
especially when discussions of responsibility for those emissions arise.  
Figure 11 presents a plot of HDI against per capita CO2 emissions when consumption-based 
emissions accounting is used. In general, consumption-based emissions accounting adjusts the 
territorial (production-based) emissions of a country by adding the emissions involved with the 
country’s imports and subtracting the emissions involved in the country’s exports.11 The 
transition from production to consumption-based emission accounting serves a few key purposes. 
First, it allows the observers to attribute the indirect emissions embedded in traded goods and 
services to consumers rather than producers. Second, consumption-based CO2e emissions 
accounting strengthens linkages between income and emissions and allows movement beyond 
discussions of the carbon intensity of national economies to the lifestyles of high emitting 
individuals.  
                                                 
10
 South Africa is just below China. The overall trend in China’s CO2 emissions intensity per unit energy use has 
been upward since 1971 (data extends to 2013), but has potentially peaked in 2011 and has seen minor reductions in 
following two years. 
11
 For example, EORA [14,15] calculates a nation’s consumption-based CO2 emissions footprint by adding CO2 
emissions imports to annual territorial CO2 emissions and then subtracting CO2 emissions exports. 
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Figure 11 HDI vs per capita consumption-based CO2 emissions for 162 nations in 2012 (author using UNDP [16], 
UNDESA [2], WRI [17] and EORA [14, 15] data). UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world’s average per capita CO2 emissions level is drawn 
vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions floor for impoverished populations is 
drawn vertically in brown. A vertical dashed brown line allows identification of the “Goldemberg Corner” [12], a space 
defining countries having both high human development and CO2 emissions of less than 3.5 t CO2 per capita [9].  
Figure 11 shows that when consumption-based CO2 emissions are considered instead of 
territorial emissions, China’s 2012 per capita CO2 emissions are reduced from 7.2 to 5.9 t CO2. 
Comparatively to production-based (territorial) per capita CO2 emissions levels, India’s 
consumption-based CO2 emissions increase slightly from 1.5 to 1.7, Australia’s emissions 
decrease from 17.1 to 16.1 t CO2, the USA’s emissions increases from 16.1 to 18.6 t CO2, and 
Norway’s emissions jump up noticeably from 7.2 to 15.3 t CO2. The progression from Figure 9 
to Figure 11 allows an improved understanding of the location of nations driving energy use and 
connected global CO2 emissions. Steinberg et al. [11] provide an example of how that shift in 
viewpoint can affect GHG emission correlations with national life expectancy at birth (LEB) and 
GDP – both aspects of the HDI. Lamb et al. [10] extend those findings to identify nations having 
both an LEB of greater than 70 years and carbon emissions of less than 1 t per capita. They then 
explore a wide variety of drivers supporting low-carbon human development and offer examples 
of potential low-carbon transition pathways for countries sharing similar drivers. 
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However, in order to fully understand the relationship between energy and ongoing discussions 
of global and GHG emissions targets, a move must be made to include not only other GHGs 
connected to energy use, but also GHGs from other sources. Emissions from all GHGs connected 
to energy use represented 78% of global GHG emissions as measured in CO2e in 2012. GHG 
emissions from agriculture (11%), industry (7%) and waste (3%) represented the other major 
shares in global GHG emissions in 2012 [17]. Figure 12 completes the progression from 
territorial CO2 emissions to consumption-based CO2e emissions, and presents HDI against per 
capita CO2e emissions for 161 countries in 2012. The world’s average per capita CO2 emissions 
level is drawn vertically in black. A red vertical line indicates Chancel and Piketty’s [13] posited 
average global per capita emissions level required through 2100 to likely keep global warming to 
below 2°C.
12
 
 
Figure 12 HDI vs per capita consumption-based CO2e emissions for 162 nations in 2012 (author using UNDP [16], 
UNDESA [2], WRI [17] and EORA [14, 15] data). UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world’s average per capita CO2 emissions level is drawn 
vertically in black. Chancel and Piketty’s [13] posited average global per capita emissions level (1.25 t CO2e per capita) 
required through 2100, to likely keep global warming to below 2°C is drawn in red. 
Figure 12 shows that when a wider range of GHGs is considered, the per capita consumption-
based CO2e emissions levels of China, India and the USA only increase by only a small amount, 
                                                 
12
 They use both 1.2 and 1.3 t CO2e per capita in their report. We have chosen to split the difference at 1.25 t CO2e. 
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while the same metric in Australia and Norway grows quite noticeably. If considering all nations, 
Figure 12 allows observation of a general trend made accessible in research by Smith et al. [122], 
that poorer nation’s use a higher proportion of non-CO2 GHG’s than richer nations.  Figure 12 
makes it clear that while most of the world will need to reduce national per capita CO2e 
emissions levels in order to keep global warming to below 2°C, the greatest reductions will need 
to occur in countries with HDI levels of 0.7 and higher.  
A robust understanding of the connections between human welfare and GHGs is still unfolding 
in literature such as Lamb [9], which returns to the “Goldemberg Corner” to consider energy and 
CO2 emissions relationships with a wider range of human welfare measures. Lamb finds that in 
2011, six of the 20 countries in the study met the study’s high human welfare criteria, had low 
energy and emissions levels and also were predicted to follow a low cumulative emissions 
carbon development pathway. Findings for these countries need to be put in the context of 
findings from earlier work by Lamb and Rao [26], which suggests that achieving basic human 
development (high LEB and high basic needs access) for large populations in Africa and Asia 
will require regional territorial emissions of between 4.1 and 6.7 t CO2e per capita. That 
emissions range is well above the per capita level posited by Chancel and Piketty [13] to keep 
global warming to below 2°C. The top end of that GHG emissions range is above the 2012 
global average. Both of those levels are shown in Figure 12. In fact, Lamb and Rao find that 
these per capita emissions levels lead to cumulative African and Asian GHG emissions through 
2050 that comprise a ‘substantial share of the global budget associated with a 2°C climate 
goal’.13 
The research covered in the rest of this chapter is similar in scope to work mentioned thus far, 
but focuses on sub-national, rather than national distributions of energy use, GHG emissions and 
HDI scores. Although Jacobson et al. [123] provide a demonstration of the use of two 
conventional metrics of inequality - the Gini co-efficient
14
 and Lorenz curves
15
 - in the allocation 
of electricity consumption to sub-national populations in five countries, the research detailed in 
                                                 
13
 They find that cumulative African and Asian GHG emissions represent 63% of the world’s GHG emissions 
budget through 2050 at a 450 parts per million (ppm) scenario that results in a less than a 2°C global temperature 
change. 
14
 The Gini coefficient measures the “difference between a uniform distribution and the actual distribution of a 
resource [123, p1826] 
15
 A Lorentz curve “is a ranked distribution of the cumulative percentage of the population of recipients on the 
abscissa versus the cumulative percentage of the resource distributed along the ordinate axis.” [123, p1826] 
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this chapter primarily builds on the more relevant and broadly applied work of pioneers in sub-
national distributions of GHG emissions [13, 23] and HDI scores [24, 124-126].    
Figure 13 presents Chakravarty et al.’s [23] cumulative distribution showing annual per capita 
CO2 emissions for individuals rather than nations.  In Figure 13, Chakravarty et al. places high 
emitters from all countries alongside each other on the left side of the plot and then shows 
decreasing individual emissions moving to the right. Figure 13’s allowance of a 1 t CO2 
emissions floor for people emitting less than that amount (lower right), is drawn from an HDI vs. 
per capita CO2 emissions plot similar in nature to Figure 10.  
 
Figure 13 Cumulative distribution showing annual per capita CO2 emissions for individuals rather than nations, and also 
allowing for a 1 t CO2 per capita emissions floor [23] 
Supported by Figure 13, Chakravarty et al. [23] make the argument that poorer nations that 
house high CO2 emitters need to contribute alongside richer nations to GHG mitigation efforts. 
With respect to poverty focused short-term energy access agendas (electricity, transport fuels, 
LPG for cooking), they find them “nearly decoupled” with climate change mitigation.16 They 
also indicate that in order to meet global emissions targets to minimize anthropogenic climate 
change, the leftmost 1 to 1.4 billion people in Figure 13 would need to reduce their emissions 
below lines labelled 30 or 30P (depending on the scenario) by 2030. Although they suggest that 
climate efforts might best target changes in national economies affecting the middle of the 
                                                 
16
 Their finding can only be very broadly compared with Lamb and Rao’s [26] finding that climate mitigation efforts 
and human development efforts are very closely coupled, as Lamb and Rao only directly recognize electricity access 
as one of their six selected human development focus indicators. Chakravarty et al. mention energy access drivers 
but do not directly specify outcomes, whereas Lamb and Rao specifically identify outcomes and then estimate 
energy and GHG emissions levels connected to those outcomes.  
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distribution rather than directly target individual high emitters at the upper end of the 
distribution, this shift to individual rather than national emissions represents a radical shift in 
depictions of global emissions.   
Global distributions of individual carbon emissions are pushed forward by Chancel and Piketty 
[13], who use more recent data, improve methods for calculating income [127, 128] and expand 
accounting of carbon emission [129]. Notably, Chancel and Piketty focus on adaptation 
funding
17
 [130, 131] rather than mitigation efforts [8], use consumption rather than production-
based GHG accounting methods,
18
 expand consideration of GHGs beyond CO2,
19
 and posit an 
average global per capita emissions level required through 2100 to likely keep global warming to 
below 2°C. Table 3 provides examples of how Chancel and Piketty’s methodological changes 
impact estimations of regional and global GHG emissions for 2013. 
Table 3 A comparison of the impact on Chancel and Piketty’s methodological changes on estimation of regional and 
global GHG emissions for 2013 [modified from 13] 
 t CO2e per person per year 
(consumption based) 
% change with territorial 
emissions 
Ratio to world average 
World average 6.2 0 1 
North Americans 22.5 13 3.6 
West Europeans 13.1 41 2.1 
Middle East 7.4 -8 1.2 
Chinese 6 -25 1 
Latino Americans 4.4 -15 0.7 
South Asians 2.2 -8 0.4 
Africans 1.9 -21 0.3 
Sustainable level 1.3 0 0.2 
 
Table 3’s most striking shifts from production to consumption emissions accounting include 
large increases in per capita emissions for North Americans and Western Europeans and large 
                                                 
17
 Unmitigated to sustainable levels, anthropogenic GHG emissions will lead to an increasing need for humans to 
adapt to their changing situations and environments [8]. Adaptation poses “particular challenges for . . . vulnerable 
communities, given their limited ability to cope” [130]. Chancel and Piketty draw attention to the current large 
deficit in funding needed to support human adaptation by linking their global distribution of emissions with 
contributions to adaptation funding. 
18
 Made possible by the relatively recent emergence of comprehensive environmental data sets with the necessary 
breadth of coverage to complement chosen income data sets. The emergence of high quality and comprehensive 
global income data sets (excluding World Bank data) also appears to be fairly recent. 
19
 This allows them to capture an estimated 88% of CO2e emission in 2013. By comparison, Chakravarty et al. only 
included roughly 75% of greenhouse gas emissions from 2003. Fossil fuel and process emissions are included and 
emissions from land use, land use change, and forestry do not appear to be included [374]. 
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decreases in per capita emissions associated with Africans, Chinese, and Latino Americans. For 
example, under consumption-based emissions accounting, Chancel and Piketty [13] find that 
China’s per capita emissions shrink by 25% from their production-based emissions level and 
Western Europe’s grow by 41%. Table 3 also lists an annual ‘sustainable level’ of emissions at 
1.3 t CO2e
20
 per person through 2100. Chancel and Piketty note that no regions explored had per 
capita territorial emissions below this level. Regional estimations of consumption-based 
emissions accounting shown in the Table 3 do not alter that finding.
21
 The undiscussed but 
perceived enormity of the changes needed to achieve a sustainable level of per capita emissions
22
 
in Table 3 underscores the paper’s pragmatic adaptation focus.23  
Similar to Chakravarty et al. [23], Chancel and Piketty [13] find that poorer nations that house 
high emitters need to contribute alongside richer nations to climate change action. However, 
Chancel and Piketty read their distribution more literally that Chakravarty et al. Rather than 
focusing on broad carbon mitigation efforts at the level of national economies, they target 
adaptation efforts funded by individual high emitters at the upper end of the distribution as 
outlined briefly in Appendix 3-A. Chancel and Piketty also find that although inter-country GHG 
emissions inequality decreased between 1998 and 2013, intra-country GHG emissions inequality 
increased over the same time period [13]. 
In order to achieve a sub-national correlation relating both energy use/GHG emissions and HDI 
scores, pioneering work on sub-national energy use/GHG emissions data needs to be combined 
with data allowing sub-national HDI distributions for panels of countries. Although an inequality 
adjusted HDI (IHDI) now exists as part of UNDP literature [18] and datasets [25], the IHDI still 
only presents aggregate national level indicators. At the time of publication, the data underlying 
the IHDI, which might support the creation of sub-national HDI distributions for 151 countries, 
was not publically available; nor were studies reporting sub-national HDI distributions with 
                                                 
20
 This number appears in the text as 1.2 t CO2e. The authors arrive at this number by dividing IPC estimates of an 
88 year, 1000 Gt CO2e emissions allowance under scenario RCP 2.6 [7] by the sum of annual UN population 
estimates through 2100. The authors choose RCP 2.6 as it is the only modelled scenario in [7] that likely contains the 
global temperature rise range to below 2°C. In tables, the number appears as 1.3 tCO2e.  
21
 But briefly spur the reader to consider accessing the data set provided to determine whether different regional 
groupings or disaggregation might alter those finding.  
22
 The not so invisible 1000 gigatonne gorilla in the room.  
23
 Notably, Chakravarty et al.’s [23] proposed 1 t CO2 emissions floor in 2030, adjusted for comparisons sake to 
1.33 t CO2e to account for the estimated 25% emissions missing from the figure, is also above that level. 
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global coverage. Study availability was limited to literature presenting sub-national HDI 
distributions for selected panels of countries [24, 124-126, 132]. 
Work by Grimm et al. [24, 124, 132] estimates HDI scores for income-based quintiles from up to 
32 nations using data taken from the 14 surveys types listed in Appendix 3-B. Later work from 
Harttgen and Klasen’s [125, 126] offers coverage of only 15 nations, but includes a number of 
methodological advances. Harttgen and Klasen draw from a single consistent survey type – 
Demographic and Health Surveys (DHS) – which allow HDI results to be association sensitive24; 
use data which is more recent (underlying surveys span 1997 – 2007); estimates decile as well as 
quintile scores; and use estimation methods which align with current UNDP HDI estimation 
methodology. Drawbacks of work by Harttgen and Klasen involve the data and time required to 
do the analysis, country selection restricted to the low and middle income countries covered by 
DHS surveys, and a lack of published data for all quantiles.  
3.3 Methods 
While uniform survey data offers the most robust option for producing sub-national correlations 
between the HDI and energy use/GHG emissions, the time allocated for this portion of the PhD 
was limited and the selection of a single survey type would restrict coverage of the analysis.
25
 
The modelling process shown in Figure 14 represents an effort to meet time constraints while 
maximising global coverage. 
                                                 
24
 Grimm et al. results cannot be as at least two data sources were used to calculate sub-indices for each nation and 
there is no way to be certain that the bottom quintile of the income quintile covers the same population as bottom 
quintile from education or health indices. On the other hand, results from Harttgen and Klasen can represent a 
coherent segment of a single population because they use a single survey. 
25
 The use of Harttgen and Klasen’s method with DHS data would allow potential coverage of over 90 countries – 
but coverage would not extend to Organisation for Economic Co-operation and Development (OECD) nations. 
68 
 
Data collection 
 
Data type Coverage Source 
HDI HDI  (144 countries in 1990 – 188 countries in 2015)  
IHDI (139 countries in 2010 – 151 countries in 2015) 
UNDP [25] 
Territorial GHG CO2   (185 countries in 1990 – 188 countries in 2013) 
CO2e (160 countries in 1990 – 187 countries in 2013) 
WRI [17] 
Energy and consumption-based GHG energy, CO2, CO2e   (182 countries from 1970 – 2013) EORA [14, 15] 
Sub-national HDI distributions 32 nations scaled to 2005 Grimm et al. [24] 
 
Quantile HDI estimation using a multiple linear regression model 
Scale Grimm et al. data [24] from 2005 to that focus year using UNDP [25] data and clean 
Regress selected HDI variables to the non-zero values of each scaled Grimm et al. observation 
 
Quantile GHG emission and energy estimations 
 
 HDI model validation and final model selection using multi-criteria decision analysis (MCDA) 
Internal validation (prediction of Grimm et al. [24] for 32 nations)  
External validation (prediction of national HDI score and mean national GNI) 
Final model selection (simple, maximum coverage, internal and external validity) 
 
Figure 14 Modelling process used by this analysis 
The remainder of this section details each process shown in Figure 14: data collection, HDI 
estimation for each quantile, HDI model validation and quantile GHG emission estimation. 
 Data collection 3.3.1
3.3.1.1 Sub-national distribution data 
Despite the methodological advances made by Harttgen and Klasen [126], Grimm et al. [24] data 
was chosen as the basis for the model due to the greater number and diversity of countries 
covered, and the availability of published data for all quantiles.
26
 Use of Grimm et al. data places 
limitations on derivative models. HDI results based off Grimm et al. data lack association 
sensitivity, which requires the use of a single survey source [133]. In addition, as Grimm et al. 
data is based on quintiles, results will be less sensitive to the inequality found in the tails of the 
distribution than inequality metrics based on deciles or ventiles.  
                                                 
26
 Harttgen and Klasen only published their results for the first and tenth decile and first and tenth quintile and their 
country coverage is limited to 15 poorer nations. 
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The use of Grimm et al. [24] data also requires that this analysis take a stance similar to the 
authors of that study, by assuming that within-country HDI inequality distributions are slow to 
change and can be scaled for use in other years.27 This study must then make the additional 
assumption that the Grimm et al. HDI distributions estimated using methodology predating 2010 
– the year in which major changes to HDI estimations were made [134] – are not significantly 
different from the sub-national distributions that would be found had Grimm et al. used current 
UNDP methodology. Although this assumption is challenged by findings from Harttgen and 
Klasen [126], who observe that pre-2010 methodology leads to both higher education indices and 
overall HDI scores,
28
 the Grimm et al. data set still represents the best available option for the 
model given other trade-offs.  
3.3.1.2 HDI data 
The HDI has been part of global development discussions since the UNDP’s [135] first Human 
Development Report in 1990. The HDI has also been used at a country level to explore intra-
country inequality. For example, in India, at least 22 Indian states and territories released human 
development reports featuring state and/or district level HDI estimates between 1995 and 2007 
[136]. The HDI’s demonstrated utility in highlighting both inter and intra-country inequality, and 
its familiarity in both policy and research circles was the reason it was chosen for use in this 
study.   
The UNDP [25] website provides health, education and income metrics and overall HDI scores 
in single year increments from 1990 to 2015. In this data set, HDI scores are estimated using 
2015 methodology and goalposts, making them incompatible with scores reported using older 
methodologies, but allowing them to be compared with each other and the scores reported in the 
2015 and 2016 HDRs [18, 133].
29
 HDI data coverage grows from 144 countries in 1990 to 188 
countries in 2015. HDI variables of specific importance to the model are the health index (IHealth), 
education index (IEducation), income index (IIncome) and the metrics that feed each index: life 
                                                 
27
 Although Grimm et al. distributions were created using a variety of earlier surveys and base years, their 
distributions were scaled using data published in 2008. The data source was not published in the reference list. It is 
assumed to be HDI data for 2005, which was published as part of the UNDP’s [376] 2007/2008 HRD. 
28
 See Harttgen and Klasen for an in depth discussion. This analysis expects that the education index scores of 
poorer quintiles will be especially impacted by the change of the adult literacy metric to educational achievement 
measures in mean years of school finished by adults. 
29
 HDI methods and goalposts did not change between 2015 and 2016 HDR years 
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expectancy at birth (LEB), mean years of schooling (MYS), expected years of schooling (EYS) 
and gross national income (GNI). 
The UNDP website also provides IHDI related Atkinson inequality measures from 2010 to 2015. 
These measures provide an indication of inequality in education, life expectancy and income 
within a country. UNDP provision of Atkinson inequality measures grows from 139 of 169 
countries in 2010 to 151 of 188 countries in 2015.  
3.3.1.3 Energy and GHG emissions data 
This analysis draws on United Nations Population Division [2] data and World Resources 
Institute (WRI) [17] GHG emissions data in order to estimate production-based (territorial) GHG 
emissions for quintiles. WRI CO2 emissions coverage grows from 185 countries in 1990 to 188 
countries in 2013. WRI CO2e coverage grows from 160 countries in 1990 to 187 countries in 
2013. WRI production-based GHG emissions data was chosen for use in this study due to its 
wide coverage, public availability and its selection for use in Chancel and Piketty [13] and Lamb 
and Rao [26]. 
As energy use and consumption-based GHG accounting results are not yet part of WRI data, the 
study uses EORA [14, 15] data in order to extend the analysis to consumption-based GHG 
emissions and energy use. EORA data covers 182 countries from 1970 to 2013. EORA data was 
chosen due to its public availability. Choosing the EORA database for consumption-based GHG 
emissions makes comparison with literature based on other multiple region input-output (MRIO) 
databases, such as Chancel and Piketty [13] who use Global Trade Analysis Project (GTAP) 
[137] data, problematic. However, if MRIO data has been harmonized in a similar manner and 
using similar data (ex. using WRI data), then comparison becomes slightly less troublesome 
[138].
30
  
 Quantile HDI estimation 3.3.2
Several steps are taken in the creation of a model which uses Grimm et al. [24] data covering 32 
nations to estimate quintile HDIs for a wider selection of nations. First, the UNDP [25] online 
HDI dataset is used to form country clusters. Grimm et al. quintile results are then scaled to the 
                                                 
30
 Should Chancel and Piketty’s method for harmonization GTAP and WRI data become available, it can be 
compared with this study’s method which is detailed later. 
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selected year and used, along with selected predictor variables from the UNDP set, to fit linear 
regression models for each HDI by quintile and cluster. The models are used to predict quintile 
based sub-index scores and estimate HDI distributions for all nations in the analysis. The focus 
of this step is finding the simplest model – using the fewest clusters and fewest predictor 
variables – that maintains reasonable internal and external validity while maximizing country 
coverage.  
3.3.2.1 Scale GRIMM quintile distributions to focus year and clean 
Grimm et al. [24] provide sub-national distributions for health, education and income sub-indices 
as well as overall HDI scores by quintile. This analysis first scales each Grimm et al. sub-index 
and then estimates the overall quintile HDI score in the focus year. It is noted that the simplest 
method of scaling Grimm et al. provided quintile HDI scores to the selected year involves a 
straightforward adjustment of the Grimm et al. HDI distribution using the ratio of the mean of 
the Grimm et al. HDI distribution to the UNDP reported national HDI scores for the selected 
year. However, this method ignores changes in UNDP methodology between the Grimm et al. 
base year and the focus year, and the use of logarithmic (log) functions in the income sub-index 
formula which makes this simple scaling method inadvisable. Nor does use of this method 
provide income data to estimate quintile GHG emissions later in this analysis.  
 
Scaling of the income sub-index to the focus year, requires that the income for each quintile (Qi) 
first be extracted from the Grimm et al. [24] income sub-index using the 2005 HDI methodology 
[139] shown in Equation 1. Next, each quintile’s income is scaled using the ratio of the mean of 
the income distribution determined in the last step, to the UNDP [25] reported income for each 
country in the year selected in 2011 purchasing power parity (PPP) $, as is shown in Equation 
2.
31
 In a final step, the quintile income sub-indexes for the selected year are estimated using 
scaled quintile incomes and UNDP [18] 2016 methodology as shown in Equation 3. A brief 
discussion of challenges and choices faced in scaling the income sub-index is provided in 
Appendix 3-C. 
                                                 
31
 Although this step does not impact the final GNI distribution for each country, it is useful in understanding the 
assumptions and transformations occurring during income scaling. As the income distributions around the means are 
assumed to be the same in each year of the analysis, issues involved with moving between differing PPP reference 
years is assumed to be a non-issue. The change in distributions of underlying income metrics – from GDP to GNI, 
which is “GDP less primary incomes payable to non-resident units plus primary incomes receivable from non-
resident units” [377] – is also expected to have minimal impact on the income distribution. 
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Equation 1 Method of extracting income from an income sub-index using 2005 HDI methodology [139]  
𝑄𝑖 𝑖𝑛𝑐𝑜𝑚𝑒2005 = 10
(𝑄𝑖 𝐼𝑖𝑛𝑐𝑜𝑚𝑒 2005 ∗ ( 𝑙𝑜𝑔10(40,000)− 𝑙𝑜𝑔10(100)) + 𝑙𝑜𝑔10(100))   
Equation 2 Method of scaling income using the ratio of the mean of the income distribution determined in the last step, to 
the UNDP [25] reported income from focus year 
𝑄𝑖 𝑖𝑛𝑐𝑜𝑚𝑒𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟 = 𝑄𝑖𝑖𝑛𝑐𝑜𝑚𝑒2005 ∗  (
𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝐺𝑁𝐼𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟
𝑄𝑖 𝑖𝑛𝑐𝑜𝑚𝑒𝑠2005
)   
Equation 3 Method for estimating an income sub-index using the scaled income and UNDP [18] 2016 methodology  
𝑄𝑖𝐼𝑖𝑛𝑐𝑜𝑚𝑒 𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟  =  
(𝑙𝑜𝑔𝑒(𝑄𝑖 𝑖𝑛𝑐𝑜𝑚𝑒𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟) − 𝑙𝑛(75,000) )
(𝑙𝑛(75,000) − 𝑙𝑛(100) )
 
Scaling of the health sub-index follows the same general procedure used in scaling the income 
sub-index, but without logarithmic functions. Equation 4, Equation 5, and Equation 6 shows the 
steps taken in the procedure.  
Equation 4 Method of extracting LEB from the health sub-index using 2005 HDI methodology [139]  
𝑄𝑖 𝐿𝐸𝐵2005 =  𝑄𝑖 𝐼𝐿𝐸𝐵 2005  ∗  ( 85 −  25 )  +  25   
Equation 5 Method of scaling LEB using the ratio of the mean of the LEB distribution determined in the last step, to the 
UNDP [25] reported LEB in focus year 
𝑄𝑖 𝐿𝐸𝐵𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟 = 𝑄𝑖𝐿𝐸𝐵2005 ∗  (
𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝐿𝐸𝐵𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟
𝑄𝑖 𝐿𝐸𝐵2005
)   
Equation 6 Method for estimating the health sub-index using the scaled LEB and UNDP [18] 2016 methodology  
𝑄𝑖𝐼ℎ𝑒𝑎𝑙𝑡ℎ 𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟  =  
( 𝑄𝑖 𝐿𝐸𝐵𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟 − 20 )
( 85 − 20 )
 
Unlike the income and health sub-indices, the education sub-index is a combination of two 
metrics, rather than a single metric. Given only the Grimm et al. [24] public data set, the 
underlying metrics cannot be extracted as was done with income and LEB. In addition, the 
underlying metrics have changed from school enrolment and adult literacy at the time of the 
Grimm et al. study, to MYS and EYS from 2010 onward. Under these circumstances, the 
straightforward adjustment of the Grimm et al. distributions using the ratio of the mean of the 
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Grimm et al. education index distribution to the UNDP [25] reported national education sub-
index for the focus year, as shown in Equation 7, is the best that can be achieved.
32
  
Equation 7 Method of scaling education index using the ratio of the mean of the Grimm et al. education index distribution 
to the UNDP [25] reported national education sub-index for the focus year 
𝑄𝑖𝐼𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟 = 𝑄𝑖𝐼𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 2005 ∗  (
𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝐼𝐸𝑓𝑜𝑐𝑢𝑠 𝑦𝑒𝑎𝑟
𝑄𝑖𝐼𝑒𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 2005
)   
Grimm et al. [24] quintile sub-indices are then combined using the 2016 UNDP [18] 
methodology provided in Appendix 3-D in order to estimate each quintile’s HDI score for the 
focus year. The comparison of scaling factors for the overall HDI and each sub-index presented 
in Appendix 3-E shows that Guinea has an income scaling factor which is well outside the range 
of scaling factors observed for any other country and index. In order to avoid the bias which such 
a large scaling factor might introduce into the rest of the model, Guinea was removed from the 
Grimm et al. country set for the remainder of the HDI estimation process. 
3.3.2.2 Regress selected HDI variables to the non-zero values of each scaled Grimm et al. 
observation  
The next step in quintile HDI estimation involves creating linear models for relevant HDI 
variables using the scaled Grimm et al. [24] data discussed in preceding steps and then imputing 
values using the appropriate model for each country quintile.
33
 Imputation for quintile specific 
HDI variables is accomplished using a regression to the non-zero values of the scaled Grimm et 
al. values from the previous step.
34
 Each regression uses no more than three common predictor 
variables. The general equation for a linear regression model with two or more predictors is 
given in Equation 8.  
Equation 8 Equation for linear regression model with two or more predictors [140, 141] 
𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖,1 + 𝛽2𝑥𝑖,2 + ⋯ + 𝛽𝑝−1𝑥𝑖,𝑝−1 + 𝜖𝑖  where  𝜖𝑖~ Ν(0, σ̂
2)   
                                                 
32
 The implicit assumption in the use of this scaling procedure is that the change of underlying metrics and 
methodologies between Grimm et al. and the focus year will not result in a major change in the shape of each 
national education index distribution. 
33
 The general procedure followed can be found in Gelman and Hill [189], using the “lm” and “predict” functions 
from R’s “stats” package [141]. 
34
 If a cluster and variable combinations resulted in any cluster containing less than five Grimm et al. countries to fit 
to, then fitting was not performed and the combination was skipped. 
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Equation 8 predicts a response (𝑦𝑖) using an intercept value (𝛽0), selected predictor variables 
(𝑥𝑖,1 …  𝑥𝑖,𝑝−1), coefficients for each predictor variable (𝛽1 …  𝛽𝑝−1), and some error terms 
(𝜖𝑖). The error terms are assumed to “have a normal distribution with mean 0 and constant 
variance” [142] (𝜖𝑖~ Ν(0, σ̂
2
)). As a rough check on model performance, adjusted R-squared and 
p-values (at a significance level of 0.05) are checked for each linear regression model formed. 
Following imputation, an overall HDI score is estimated for country quintiles using imputed 
variables and the 2016 UNDP [18] methodology shown in Appendix 3-D.  
 Quantile GHG emission and energy estimations 3.3.3
GHG emissions and energy are apportioned to each quintile based on methods from Chancel and 
Piketty’s [13] who build on work by Chakravarty et al. [23] and observe that incomes provide 
the current best explanation for the difference in total GHG emissions of sub-national 
populations. In order to accomplish apportioning, each quintile’s (Qi) average income 
(Qimincome) is first extracted from model results using the quintile income index (QimIincome) and 
2016 UNDP [18] methods according to Equation 9.  
Equation 9 Determining each quintile’s GNI using model results for income sub-index and UNDP [18] 2016 methodology 
𝑄𝑖𝑚 𝑖𝑛𝑐𝑜𝑚𝑒 = 𝑒
((𝑄𝑖𝐼𝑖𝑛𝑐𝑜𝑚𝑒  ∗ (𝑙𝑛(75,000)−𝑙𝑛(100) ))+ 𝑙𝑛(100)) 
National GHG emissions are then apportioned to each quintile using the ratio of each quintile’s 
total income to the total national income – after adjusting incomes for any assumption made 
around the percentage change in CO2 emissions that is involved with a percentage change in 
income. This relationship between CO2 emissions and income is called the CO2 emissions to 
income elasticity, and is discussed further in Appendix 3-F. Equation 10 provides the method for 
apportioning national GHGs (GHGnational total) to each quintile (Qi) based on quintile incomes 
(Qimincome), quintile populations (Qipopulation) and income-emissions elasticity (e). 
Equation 10 Method for apportioning GHG emissions to income quintiles [13] 
𝐺𝐻𝐺𝑞𝑢𝑖𝑛𝑡𝑖𝑙𝑒 = 𝐺𝐻𝐺𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ∗  (
(𝑄𝑖𝑚 𝑖𝑛𝑐𝑜𝑚𝑒)
𝑒 ∗  𝑄𝑖 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛
∑ ((𝑄𝑖𝑚 𝑖𝑛𝑐𝑜𝑚𝑒)𝑒 ∗  𝑄𝑖 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛)
5
𝑖=1
)   
As with the prior studies with which this research aligns [13, 23], reported results are run with a 
single income-emissions elasticity value of 1.0, in this case to ease discussion – and then a 
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sensitivity analysis is run to ensure robustness of main findings. Lenzen et al. [30] acknowledge 
the problems of using of a single income-emissions elasticity value both globally and over time, 
while Grubler and Pachauri [143] highlight the fact that income-emissions elasticities also vary 
within countries based on geographical location and income levels. Ravillion et al. [144] note 
that income-emissions elasticity is related to inequality. Nevertheless, the use of a single income-
emissions elasticity value for all countries in the study seems a reasonable step given the lack of 
a systematic method across prior income-emissions elasticity studies [13], a lack of studies 
estimating values for most countries in the world and time constraints. Additional assumptions 
and acknowledgements that come with the selected method include making no effort to adjust 
results for intra-household inequality and apportioning national non-household consumption 
related emissions to households [13].  
WRI territorial emissions data can be apportioned using the above method. Apportioning EORA 
estimated consumption-based GHG accounting emissions to quintiles, requires an additional step 
to ensure that total production and consumption-based emissions in the study match. This is 
achieved by multiplying each nation’s share of total consumption-based emissions from EORA 
(GHGc, EORA national total /  GHGc, EORA global total) by the WRI global production-based emission total 
(GHGp, WRI global total) as shown in Equation 11.  
Equation 11 Method of scaling national consumption-based GHG accounting emissions from EORA to the WRI 
territorial emission total from focus year 
𝐺𝐻𝐺𝑐,𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 = 𝐺𝐻𝐺𝑝,𝑊𝑅𝐼 𝑔𝑙𝑜𝑏𝑎𝑙 𝑡𝑜𝑡𝑎𝑙 ∗  (
𝐺𝐻𝐺𝑐,𝐸𝑂𝑅𝐴 𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑡𝑜𝑡𝑎𝑙
𝐺𝐻𝐺𝑐,𝐸𝑂𝑅𝐴 𝑔𝑙𝑜𝑏𝑎𝑙 𝑡𝑜𝑡𝑎𝑙
)   
In situations where either production based or consumption based GHG emissions data is not 
available for a nation or the nation represents an obvious outlier, that nation will be excluded 
from reported results.
35
 As EROA is the sole source of energy data, no scaling was necessary to 
                                                 
35
 Guyana, Guinea, Belarus, Sudan and Central African Republic (CAR) were removed from the EORA dataset as 
their consumption-based accounting results appear to be obvious outliers. Chancel and Piketty [13, p26] in part 
chose not to use EORA data based on the CAR and Sudan’s outlier status in per-capita GHG consumption levels. 
Our observation from the 2016 EORA database is that CAR, Guyana and Guinea return outlier per-capita GHG 
consumption results on the high side and Sudan and Belarus return outlier per-capita GHG consumption results on 
the low side. Countries removed from the analysis as they in the EORA data set but not in the WRI set include 
Taiwan, the Former USSR and the Netherlands Antilles. 
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make energy production and consumption-based accounting totals match.
36
 Equation 10 is used 
to apportion production and consumption-based national energy totals to quintiles by switching 
equation notation from GHG to Energy.   
 HDI model validation and final model selection using multi-criteria decision 3.3.4
analysis (MCDA)  
3.3.4.1 Internal and external validation 
Internal model validity is checked by ensuring linear regressions used in model have few if any 
p-values above the chosen significance level, and by comparing model quintile HDI results with 
Grimm et al. [24] results scaled to the selected focus year. External model validity is checked by 
comparing the imputed national HDI and mean quintile GNI
37
 for each country with national 
values reported by the UNDP [25] in the selected focus year. 
3.3.4.2 Final model selection using multi-criteria decision analysis (MCDA) 
A number of model parameters were allowed to vary in the modelling process. Various 
combinations of regression predictor variables were tried. Countries were clustered using various 
clustering techniques in order to improve model performance. Methods of estimating each 
quantile’s HDI from available data were experimented with. Appendix 3-G details the model 
parametrization process. In all, 5568 combinations of model parameterizations were considered. 
A simple form of multi-criteria decision analysis (MCDA) – or a multi-criteria aggregation 
procedure based on a synthesizing criterion [145] was used to select the model presented in the 
results section. Under this method, the seven performance categories and weights shown in Table 
4 are combined according to Equation 12 in order to create a synthesizing criterion by which 
each parameterized performance of a model (a ∈  A of n performances) are ordered and 
compared. Performance categories, targets and weights are specified to allow comparison and 
selection of the models with the highest synthesizing criterion – models which prioritize internal 
integrity and maintain reasonable external validity while using the fewest clusters, fewest 
                                                 
36
 This however means that the equations linking energy and emissions in EORA cannot be used to move directly 
between the two variables in this study.  
37
 It should be noted that as the quintile GNI distributions for each country are used to project quintile GHG 
emissions, the proximity of the modelled mean GNI of each country’s distribution to the UNDP reported one is an 
important consideration. 
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predictor variables and maximizing country coverage.
38
 More robust model selection using 
measures such as an Akaike Information Criterion (AIC) or Bayesian Information Criterion 
(BIC) are beyond the scope of this iteration of the exploratory process.  
Table 4 Performance category and thresholds used to aid model final selection  
Criterion Performance category and target Weight 
C1 Internal validity: Few, if any linear regressions with p-values above the chosen significance level 
(0.05)  ( linear regressions meeting significance level / total linear regressions ) %  
W1 = 0.20 
C2 Internal validity: Quintile HDI results within 10% of scaled Grimm et al. values (Number of quintile 
HDI results with < 10% difference ) / (31 Grimm et al. countries * 5 income groups ) ) % 
W2 = 0.20 
C3 External validity: National HDI results within 10% of UNDP national HDIs for 2010 (using 2015/2016 
methods) (Number of model national HDI results with < 10% difference ) / (countries in final analysis) 
) % 
W3 = 0.15 
C4 External validity: Mean GNI results within 10% of UNDP national GNIs for 2010 (using 2015/2016 
methods) (Number of model national GNI results with < 10% difference ) / (countries in final analysis) 
) % 
W4 = 0.15 
C5 Fewest number of clusters ( 1 /  clusters   ) % W5 = 0.10 
C6 Fewest variables used in clustering and as predictors in linear regression models ( 1 / variables used ) 
% 
W6 = 0.10 
C7 Maximize global country coverage ( number of countries in final analysis / 188 countries )  % W7 = 0.10 
 
Equation 12 General equation for synthesizing criterion used in the model selection  
𝑆 =  ∑ 𝐶𝑗 ∗  𝑊𝑗      (𝑗 = 1, … , 𝑛) 
𝑛
1
  
Table 4 indicates that internal model validation is prioritized by using higher weights for those 
categories. External validation weights see a slight reduction from internal model validity 
weights. Weights on model cluster and variable numbers along with country coverage reflect this 
study’s goal of finding the simplest model that maximizes global coverage. 
Appendix 3-H lists results for the small set of models selected for further consideration after 
comparing synthesizing criterions found by using Equation 12 and Table 4. Appendix 3-H ’s 
model A1 has the highest synthesizing criterion score of not just the parameterizations compared 
in Appendix 3-H, but all model parameterizations in the study. The results for model A1, which 
                                                 
38
 Number of countries available is determined by the variables being used. Country coverage ranges between 139 
and 188 depending on variables chosen. 
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has 180 country coverage, a single cluster, two predictor variables (HDI and the income index), 
and uses sub-index predictions to estimate quantile HDIs are presented in this section.  
Although Appendix 3-H suggests that components of both internal and external validity can be 
improved by moving to a model with more clusters and/or variables, synthesizing criterion 
weighting gave model simplicity preference in this process iteration. A more detailed look at A1 
model performance using internal and external validity categories listed in in Table 4 is shown in 
Appendix 3-I. 
3.4 Results 
Model construction allows results to be presented for any year between 1990 and 2015 if 
considering the HDI only. If considering combined HDI and GHG results then results are 
available for any year between 1990 and 2013. Results for 2012 will be presented here in order 
to align with India focused results from the next chapter of this thesis. 
 HDI focused results 3.4.1
HDI focused results are presented in Figure 15, which shows a global cumulative population 
distribution which has been ordered according to increasing 2012 quintile HDI scores. Figure 15 
also includes a profile line for the cumulative population distribution which has been ordered 
according to increasing 2012 national HDI scores and is shown in Appendix 3-J. The national 
HDI profile line depicts human development in 2012 as reported in by the most recent UNDP 
[25] data and is provided as a comparison with the human development predicted at a quintile 
level by the model. Red, grey and yellow horizontal lines in Figure 15 represent the UNDP’s 
[18] Very high, High and Medium human development thresholds according to 2016 
methodology. Results provided in Figure 15 (and the rest of the study) use colours to indicate 
each country’s association with a UNDP determined human development threshold as 
determined from UNDP [25] data. 
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Figure 15  Cumulative quintile population distribution for 181 countries in 2012 ranked according to increasing quintile 
HDI scores (7b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey 
and yellow respectively. A black horizontal profile line shows a cumulative population distribution which has been 
ordered according to increasing 2012 national HDI scores. 
Model predictions in Figure 15 suggest that UNDP [25] data overestimates HDI scores for 
roughly two-thirds of the global population in 2012. In addition, Figure 15’s use of quintile HDI 
scores makes apparent within-country inequality in countries with large populations such as 
India and China which represent the widest single yellow and grey bars (respectively) in the 
distribution. Model quintile predictions can also be compared with the IHDI, the UNDP’s 
attempt to adjust each nation’s HDI score based on levels of inequality in HDI sub-index areas. 
Figure 16 presents a cumulative population distribution for 131 countries in 2012. Figure 16’s 
distribution is ordered according to increasing 2012 quintile HDI scores, and includes a line in 
black for the cumulative distribution of national HDI scores and a line in red for the cumulative 
distribution of national IHDI scores. A cumulative population distribution ordered according to 
increasing 2012 national IHDI scores can be found in Appendix 3-J. 
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Figure 16  Cumulative quintile population distribution for 131 countries in 2012 ranked according to increasing quintile 
HDI scores (6.2b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey 
and yellow respectively. A black horizontal profile line shows a cumulative population distribution which has been 
ordered according to increasing 2012 national HDI scores. A red profile line shows a cumulative population distribution 
which has been ordered according to increasing 2012 national IHDI scores. 
Figure 16’s comparison with UNDP [25] IHDI data suggests that this analysis’s quintile based 
results may not do enough to represent the impact of intra-country inequality on nations.
39
 In 
particular, this study’s distribution of intra-country inequality is unable to encompass the IHDI’s 
central contention that development inequality in a nation impacts all people in that nation 
negatively, not just those clearly disadvantaged by the inequality. Instead, both Figure 15 and 
Figure 16 highlight the HDI’s underestimation of development among the advantaged within a 
nation and the overestimation of development for those disadvantaged by inequality in a nation. 
Notably, although model predictions are clearly higher than IHDI scores for the majority of the 
world, they drop below IHDI estimations for the most disadvantaged people in the global 
population at the far left of the distribution.  
                                                 
39
 Both the IHDI and the data underlying this study’s model predictions lack association sensitivity and do not 
capture the combined effect of the overlap of inequalities in sub-index areas. This overlap is less likely to impact the 
IHDI distribution which is based on national results, but does impact the model predictions for more disadvantaged 
populations. If the effects of overlapping inequalities were captured by the model, the HDI scores of more 
disadvantaged quintile populations would be expected to decrease, moving them in the direction of the IHDI profile 
line. 
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 Combined HDI, GHG and energy results 3.4.2
Combined HDI, GHG and energy results are presented primarily using consumption-based 
accounting CO2 emissions. Figure 17 presents a distribution of 2012 quintile consumption-based 
CO2 emissions for 164 countries and 6.9 billion people which has been ordered according to 
increasing 2012 quintile HDI scores. It includes a profile line in black for the cumulative 
distribution of consumption-based CO2 emissions according to national rather than quintile HDI 
scores in 2012. Table 5 summarizes the cumulative CO2 emissions and population shares 
represented when using both quintile and national CO2 distributions ranked in order of increasing 
HDI scores for 2012. Figure 17 and Table 5 results cover 98% of global emissions and 97.8% of 
the global population in 2012. 
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Figure 17 Cumulative 2012 quintile consumption-based CO2 emissions for 164 countries in 2012 ranked according to 
increasing quintile HDI scores (6.9b people). UNDP [18] Very high, High and Medium human development thresholds are 
drawn in red, grey and yellow respectively. A black profile line shows a cumulative consumption-based CO2 emissions 
distribution which has been ordered according to increasing 2012 national HDI scores. Results cover 98% of global 
emissions and 97.8% of the global population in 2012. 
Table 5 Cumulative 2012 consumption-based CO2 emissions and population sizes represented in each UNDP [18] human 
development category when using both quintile and national CO2 distributions ranked in order of increasing HDI scores. 
Results cover 98% of global emissions and 97.8% of the global population in 2012. 
UNDP [18] human development category 
Cumulative CO2 emissions 
share using quintile HDI 
score rankings (population 
share) 
Cumulative CO2 emissions 
share using national HDI 
score rankings (population 
share) 
Very high human development (HDI > 0.9) 29.5% (7.3%) 24.9% (7.2%) 
Very high human development (HDI > 0.8) 51.6% (18.6%) 44.4% (16.3%) 
High human development and greater (HDI > 0.7) 83.2% (42.2%) 84.6% (50.9%) 
Medium human development and greater (HDI > 
0.55) 
96.6% (76%) 96.6% (82.5%) 
Low human development (HDI < 0.55) 98% (97.8%) 98% (97.8%) 
 
Figure 17 and Table 5 suggest that 83% of global CO2 emissions in 2012 arose from the 
consumption patterns of the 42% of the world’s population with quintile human development 
scores of High human development or greater – this includes emissions from populations living 
in countries with both Medium and Low national human development scores. This represents a 
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change from national HDI and consumption-based emissions accounting results appearing in 
Figure 17 and Table 5 which suggest that over half the world enjoyed High human development 
or greater while emitting 84.6% of the world’s CO2 emissions.  
Figure 17 and Table 5 also provide evidence for the difference between national and quintile 
accounting results for global populations with Low human development. Quintile results find 
nearly 22% of the world with Low human development scores and responsible for 1.4% of the 
world’s CO2 emissions. National results find that only 15.3% of the world suffers from Low 
human development levels while emitting a 1.3% share of the world’s CO2 emissions. Although 
no difference in total CO2 emissions from each category exist between quintile and national 
results, a finding for a much larger Low human development cohort in quintile estimations 
results in lower per capita emissions from Low human welfare populations.  
Chakravarty et al. [23] concluded from their study that the top 10% of the population (by 
income) produced 50% of the CO2 emissions, and the bottom 50% produced 10% of the CO2 
emissions. Table 5 provides the basis for a similarly rough rule of thumb: the lifestyles of 
populations enjoying Very high human development (HDI > 0.8), and representing less than 
20% of the population, resulted in more than 50% of CO2 emissions; and the lifestyles of 
populations having Medium or Low human development, and representing over 50% of the 
population, resulted in less than 20% of CO2 emissions. 
Figure 18, Figure 19 and Figure 20 present another way to consider the relationship between the 
quintile HDI and consumption-based CO2 emissions predictions. In these figures, HDI is plotted 
against per capita consumption-based CO2 emissions for quintiles in 2012 for 164 countries.
40
 
UNDP [133] Very high, High and Medium human development thresholds are drawn 
horizontally in red, grey and yellow  respectively. The world’s average per capita CO2 emissions 
level of 4.8 t CO2 is drawn vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per 
capita emissions floor for impoverished populations is drawn vertically in brown.
41
 A vertical 
dashed brown line allows identification of the “Goldemberg Corner”, a space defining countries 
                                                 
40
 Appendix 3-K presents similar result for territorial emissions for 2012. 
41
 Although this threshold however was based on territorial emissions, we have also included it in consumption-
based accounting plots as it might be argued that a 1t CO2 threshold for consumption-based emissions better 
represents a poor population’s ability to access and use the services and goods connected to CO2 emissions, than 
those shown by territorial emissions. 
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emitting less than 3.5 t CO2 per capita [9] and high human development [12]. Figure 18 presents 
results for all income quintiles for 164 nations.  
 
Figure 18 HDI plotted against per capita consumption-based CO2 emissions for all quintiles in 2012 for 164 countries 
(6.9b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and yellow 
respectively. The world per capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s [23] proposed 
1t CO2 per capita emissions floor for impoverished populations is drawn vertically in brown. A vertical dashed brown line 
allows identification of the “Goldemberg Corner”, a space defining countries having use of less than 3.5 t CO2 per capita 
[9] and high human development [12]. Truncation of horizontal axis at 31 t CO2 per capita removes 11 (of 820) quintiles 
comprised of 8.2 million people from five countries from the plot. The combined average of those populations is 43.1 t 
CO2 per capita. 
Figure 18 offers the same general conclusions offered earlier by Figure 11 which plotted national 
HDI scores and CO2 emissions, but does so for sub-national rather than national populations. 
First, few, if any quintile populations have achieved High human development while also 
emitting less than Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions floor. Sri 
Lanka’s second and third quintile and Moldova’s richest quintile appear to sit in that space. Brief 
coverage of those populations can be found in Appendix 3-L.  
Second, on reaching very high human development, few quintile populations appear to be living 
in a fashion that allows for per capita CO2 emission levels below the average global per capita 
CO2 emissions. Notably, unlike other analyses that have included the “Goldemberg Corner”, 
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Figure 18 shows that countries from all human development categories – including Very high 
human development countries – have populations that can be found in the “Goldemberg Corner”. 
Figure 19 presents HDI and CO2 emissions results for the poorest quintile in each nation. 
 
Figure 19 HDI plotted against per capita consumption-based CO2 emissions for the poorest quintile in 2012 for 164 
countries (1.4b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey 
and yellow respectively. The world per capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s 
[23] proposed 1t CO2 per capita emissions floor for impoverished populations is drawn vertically in brown. A vertical 
dashed brown line allows identification of the “Goldemberg Corner”, a space defining countries having use of less than 
3.5 t CO2 per capita [9] and high human development [12]. 
Figure 19 suggests rather clearly that a national achievement of UNDP [133] Very high human 
development appears to be a prerequisite before the poorest 20% of a nation’s population can 
achieve High human development levels.
42
 In fact, it appears that the HDI levels of the poorest 
20% of a population lag a category behind the national HDI category for all but nations with 
Low human development – below which there is no category – and nations with Very high 
human development, which appear better able to create an environment in which the poorest 
20% of the nation can reach a similar status. In addition, Figure 19 suggests that no poor quintile 
has been able to stay below 1t CO2 emissions after reaching High human development status. 
                                                 
42
 Only two countries in Figure 19 have national HDI scores of less than 0.8 while also having the poorest 20% of 
their populations achieving HDI scores of over 0.7. 
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Finally, while Figure 19  shows that some poor quintiles have achieved Very high human 
development status while remaining below the global emissions average, those populations are 
still comprised of the poorest people in a nation and likely have lifestyle goals more closely 
resembling lifestyles of the richer 80% of their nations. Figure 20 presents a plot similar to 
Figure 19 for the richest quintile in each nation. 
 
Figure 20 HDI plotted against per capita consumption-based CO2 emissions for the richest quintile in 2012 for 164 
countries (1.4b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey 
and yellow respectively. The world per capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s 
[23] proposed 1t CO2 per capita emissions floor for impoverished populations is drawn vertically in brown. A vertical 
dashed brown line allows identification of the “Goldemberg Corner”, a space defining countries having use of less than 
3.5 t CO2 per capita [9] and high human development [12]. Truncation of horizontal axis at 31 t CO2 per capita removes 5 
(of 164) quintiles comprised of 4.0 million people from five countries from the plot. The combined average of those 
populations is 45.7 t CO2 per capita. 
Figure 20 first suggests that even the richest 20% of a nation will struggle to achieve high human 
development before the nation as a whole achieves medium human development. Second, once 
the top 20% of a nation achieves high human development status, it is unlikely that per capita 
CO2 emissions of the richest quintile will stay below the global average. Sri Lanka’s richest 
quintile appears as an outlier in Figure 20 by having a Very high HDI score and sitting well 
below average global emissions. Quintile specific 2012 consumption-based CO2 emissions 
results for quintiles two through four are provided in Appendix 3-M. 
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Panels A and B in Figure 21 presents consumption-based quintile CO2 results in a more targeted 
fashion for five nations (Myanmar, India, Brazil, USA and the UK) while presenting 
consumption-based national results for 159 nations. In both panels A and B of Figure 21, 
population size is represented in the plot by the size of the circle used to represent each country.  
Panel B differs from panel A and all previous plots in this document by using a logarithmic (log) 
scale on the x-axis to display consumption-based CO2 emissions.   
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Figure 21 HDI plotted against per capita national consumption-based CO2 emissions for 159 countries in 2012 with 
consumption-based quintile CO2 results for five nations (Myanmar, India, Brazil, USA, UK) plotted on the same graph 
(6.9b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and yellow 
respectively. Panel B uses a log scale on the x axis. The size of country dots is relative to their population size. The world 
per capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per capita 
emissions floor for impoverished populations is drawn vertically in brown. A vertical dashed brown line allows 
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identification of the “Goldemberg Corner”, a space defining countries having use of less than 3.5 t CO2 per capita [9] and 
high human development [12]. 
Panels A and B of Figure 21 illustrate that HDI inequality in Myanmar, India and Brazil is quite 
large, while HDI inequality in the USA and UK is comparatively low. However, panel A of 
Figure 21 makes it clear that the inequality in per capita consumption-based CO2 emissions in 
the USA is more than double the consumption-based CO2 emissions inequality in Brazil, and 
Myanmar. A comparison of panel A of Figure 21 with Figure 11 with indicates that in Figure 11 
all of Brazil was seen to be in the “Goldemberg corner”, whereas in panels A and B of Figure 21 
only 40% of the country, or the third and fourth quintiles, are in that space. 
Panels A and B in Figure 21 also demonstrate the relative population differences between the 
countries. Each quintile from India represents over 250 million people, while each quintile 
marker from the USA, Brazil and Myanmar represent only roughly 63 million, 40 million and 10 
million people respectively. Both panels in Figure 21 also allow quintile populations in selected 
countries to be compared in size with national populations, such as the large grey bubble to the 
right of India’s richest quintile which represents China’s 1.36 billion people. The importance of 
the future energy use and GHG emissions of larger populations – especially populations from 
China and India is driven home by the population differences illustrated in panels A and B of 
Figure 21. 
Greater context for the impacts of higher GHG emissions lifestyles can be gained from Figure 22 
which plots consumption-based quintile CO2e emissions results for 164 nations in 2012 and 
includes the average global per capita emissions level posited by Chancel and Piketty [13], 
required through 2100, to likely keep global warming to below 2°C. 
90 
 
 
Figure 22 HDI plotted against per capita consumption-based CO2e emissions for all quintiles in 2012 for 164 countries 
(6.9b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and yellow 
respectively. The world per capita CO2e emissions average is drawn vertically in black. Chancel and Piketty’s [13] posited 
average global per capita emissions level (1.25 t CO2e per capita) required through 2100, to likely keep global warming to 
below 2°C is drawn in red. Purple arrows on graph represent trends needed in order for quintiles to achieve high human 
development globally, while also moving towards per capita CO2e emissions levels that would keep global warming to 
below 2°C. The traditional relationship between GHG emissions and development is shown with a red arrow. Truncation 
of horizontal axis at 36 t CO2e per capita removes 10 (of 820) quintiles comprised of 6.4 million people from five countries 
from the plot. The combined average of those populations is 47.3 t CO2e per capita. 
A red arrow has been placed on Figure 22 to highlight the observed traditional relationship 
between GHG emissions and development.  Purple arrows have been placed on Figure 22 to 
represent trends needed in order for quintiles to achieve High human development globally, 
while also moving towards per capita CO2e emissions levels that would keep global warming to 
below 2°C through 2100. Figure 22 makes it clear that a major change in the traditional 
relationship between GHG emissions and development is needed in order for all populations 
globally to achieve these goals.  
 Sensitivity Analysis 3.4.3
This study applied a sensitivity analysis to results using a range of GHG emissions to income 
elasticity values. As explained in Appendix 3-F, selected sensitivity analysis values range from 
0.4 to 1.6. Table 6 explores the impact of varying income-emissions elasticity values on 
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cumulative 2012 consumption-based CO2 emissions shares when quintile CO2 distributions are 
ranked in order of increasing HDI scores. Results reported earlier in Table 5 for an income-
emissions elasticity of 1.0 are shown in bold. Population shares of each category are included, 
but do not vary with elasticity as the category population is determined by HDI results.  
Table 6 Effect of varying income-emissions elasticity values (e = 0.4, 1.0 , 1.6) on cumulative 2012 consumption-based CO2 
emissions shares for each UNDP [18] human development category when ranking quintile CO2 distributions in order of 
increasing HDI scores. Results from main text are in bold. Results cover 98% of global emissions and 97.8% of the global 
population in 2012. 
UNDP [18] human development category 
Cumulative CO2 emissions share using 
quintile HDI score rankings (difference) 
Population share 
using quintile HDI 
score rankings e = 0.4 e = 1.0 e = 1.6 
Very high human development (HDI > 0.9) 25.1% (-
4.4%) 
29.5%  32.8% 
(+3.3%) 
7.3% 
Very high human development (HDI > 0.8) 48.5% (-
3.1%) 
51.6% 54.1% 
(+2.5%) 
18.6% 
High human development and greater (HDI > 0.7) 77.8% (-
5.6%) 
83.2%  86.5% 
(+3.3%) 
42.2% 
Medium human development and greater (HDI > 
0.55) 
95.1% (-
1.5%) 
96.6% 97.4% 
(+0.8%) 
76% 
Low human development (HDI < 0.55) 98% 98% 98% 97.8% 
 
Table 6 suggests that when an elasticity of 0.4 is used – which represents the assumption that 
income increases and CO2 increases are less correlated – then CO2 emissions are largely shifted 
from Very high human development (HDI > 0.9) populations to Medium human development 
populations (0.55 < HDI < 0.7). Furthermore, using this elasticity shifts a mere 1.5% of global 
CO2 emissions to the nearly quarter of the world with Low human development populations, 
raising their total share from 1.4% to 2.9%.  
On the other hand when income is tightly linked to CO2 emissions by using an income-emissions 
elasticity value of 1.6, then CO2 emissions are shifted in the other direction. Emissions are 
shifted away from Medium human development populations (0.55 < HDI < 0.7) towards Very 
high human development populations (HDI > 0.9). Under this assumed elasticity, the Low 
human development population’s share of global CO2 emissions drops well below 1%. 
The sensitivity analysis suggests that the 50:20 CO2 emissions/population rule of thumb still 
generally holds and only requires a minor wording adjustment to remove qualifiers (more than, 
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less than) on CO2 emissions findings.  The adjusted rule of thumb reads as follows: the lifestyles 
of populations enjoying Very high human development (HDI > 0.8), and representing less than 
20% of the population, lead to 50% of CO2 emissions, and the lifestyles of populations having 
Medium or Low human development, and representing over 50% of the population, lead to 20% 
of CO2 emissions. 
Appendix 3-N further explores the impact of differing income-emissions elasticity values (e = 
0.4 , 1.0 , 1.6) on model results by comparing results for a single nation, India, as well observing 
how differing income-emissions elasticity values alter findings arising from Figure 18, Figure 19 
and Figure 22. Two notable changes needs to be made to findings discussed in this section. If 
increases in the incomes of all quintiles are strongly linked to CO2 emissions increases (e = 1.6), 
then it appears more possible for the poorest quintiles from a few Very high human development 
nations to have per capita emission levels of less than 1 t CO2. However, if less of a relationship 
between income increases and CO2 increases is assumed (e = 0.4), then the poorest quintiles 
from Very high human development countries are unlikely to have emissions levels below the 
global average – which was the case in findings arising from e = 1.0. 
3.5 Findings/Discussion 
Achieving sustainable and equitable human development requires changing the traditional 
development and GHG emissions relationship highlighted by both Figure 12 and Figure 22. 
Energy use’s 78% share of total global GHG emissions in 2012 – excluding land use change and 
forestry – [17] provides an obvious target for those wishing to reduce global GHG emissions 
now and in the future. Initiatives such as the United Nation’s SE4ALL initiative, target 
reductions in energy connected GHG emissions by supporting national transitions to renewable 
energy sources and lower GHG intensity energy sectors [1].  
SE4ALL has a third core target focused on universal modern energy access by 2030 [1]. A 
central aim of this measure is to reduce the negative health impacts of air pollution arising from 
solid fuel use in households on poorer populations. However, the sustainable substitution of 
modern energy carriers for solid fuels requires that household transition to lifestyles that make 
modern energy carriers both accessible and affordable. Traditional national depictions of human 
development and GHG emissions, such as the one shown in Figure 12, offer little insight into 
likely human development and GHG emissions pathways connected with that transition. In 
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Figure 18 through Figure 22, this analysis offers new insights on likely GHG pathways that poor 
sub-national populations – not nations – follow as they transition to new opportunities, lifestyles 
and technologies and see higher HDI scores. 
Figure 19, which presents a plot of HDI scores against per capita consumption-based CO2 
emissions for the poorest quintile each nation, provides an example of likely HDI and CO2 
pathways of poor populations as their nations develop and energy access improves. This plot 
offers both an understanding of the ‘inequalities in societal space’ [Hornborg (2009) in 10] 
shared by the bottom 20% of all analysed national populations and the HDI increases that poor 
populations realize as national development occurs (over time). As noted earlier, even when 
increases in incomes are strongly linked to CO2 emissions increases (e = 1.6), it is still unlikely 
that even the poorest quintile in a nation will stay below 1t CO2 emissions after either the 
quintile has reached High human development status, or the country has reached Very high 
human development status.  
Comparison of poorest and richest quintile plots in Figure 19 and Figure 20 indicate that lifestyle 
choice enabled by income, rather than HDI gains arising from national development serve as the 
main driver for global GHG emissions. Such findings are similar in nature to the findings of 
Steinberger et al. [11], who provide evidence that income and consumption-based CO2 emissions 
are more strongly related than life expectancy at birth and consumption-based CO2 emissions. 
Notably, the sensitivity analysis shows that unless a weak relationship between income increases 
and CO2 increases is assumed (e = 0.4), then the consumption-based CO2 emissions of the 
poorest quintile in many Very high human development countries has stayed below the global 
average. This suggests that under conditions of a stronger relationship between income increases 
and CO2 increases, High human development and greatly reduced CO2 emissions could be 
achieved for 80% of the world if the world’s upper income quintiles agreed to live like the 
poorest quintiles in the majority of very high human development countries. Despite the GHG 
emissions reduction offered by such a change, this lifestyle choice is an unlikely one. Figure 18 
and Appendix 3-N’s sensitivity analysis plots provide additional evidence that sustainable High 
human development pathways – not just among the poorest quintiles – exists within Very high 
human development countries and should be included, although potentially unpalatable, in 
“Goldemberg Corner” and similarly focused research.  
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 Achieving universal High human development in India? 3.5.1
Figure 15 and Figure 18 suggest that substantial improvements in the human welfare of 
impoverished populations are needed in order for them to achieve High human development. As 
an example of improvements needed in a country like India, Figure 23 presents the LEB and 
EYS levels needed – at various universal basic incomes (UBIs) [146] – if the poorest 10% of 
India’s population were to achieve High human development.43 
 
Figure 23 Life expectancy at birth and expected years of schooling levels needed at various universal basic incomes (UBI) 
to achieve High human development (MYS = 5) 
Figure 23 indicates that if the income levels of the poorest 10% could be ensured at $4,000
44
, 
then an EYS of 18, an MYS of 5 and an LEB of 80 years would be required for that population 
to reach High human development. This is not a minor undertaking as model results for India 
suggest that the poorest 20% of Indians would require LEB increases of nearly 20 years and 
income levels resembling those of the richest 20% of Indians in 2012. Although a human 
development transition of this magnitude is hard to fathom in India, Sri Lanka – whose bottom 
quintile had an LEB of 71.3, an estimated income of $2,482, a CO2 emissions level below the 
                                                 
43
 An MYS of 5 years is assumed using a 2012 national MYS average of 5.6 [25]. Lower LEB, EYS and UBIs could 
be targeted if the MYS of the poorest 10% of India was even higher. 
44
 It should be noted that given a recently estimated annual income for ensuring an Indian adult was above the 
poverty line of 13,432 INR (Indian rupees) [390] and a World Bank [342] 2011 $ PPP to 2014 INR conversion 
figure of 18.35, one potential UBI goal for India is $732 a year, which is well below the minimum $4,000 UBI 
shown in Figure 23 to ensure the poorest 10% of India achieves high human welfare given a MYS of 5.  
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sustainability threshold, and an HDI (0.641) much closer to the High human development 
threshold – might provide insights on pathways to achieve that transition.45 
 Limitations and further work 3.5.2
Such research would also explore the HDI and GHG outliers observed in Figure 18 and Figure 
20 – which are comprised of the richest 60% of Sri Lanka and the richest 20% of the Republic of 
Moldova – as well as HDI and GHG outliers observed in Appendix 3-N’s sensitivity analysis 
plots. Initial PhD scoping had called for this exploration, along with an analysis of all countries 
within and on the borders of High human development and average global (or “Goldemberg 
corner”) CO2 emissions thresholds, but time constraints did not allow for this research to be 
completed. Such a study would differ with similar HDI and GHG analyses using national 
averages, by focusing on national systems that allow any income quintile to achieve High human 
development and remain below the chosen CO2 emissions threshold. This research is particularly 
compelling when considering an observational focus on the lifestyles of Very high human 
development quintiles with low CO2 emissions.  
The limits of the HDI in presenting the complex nature of well-being in a single index having 
three dimensions are widely recognized [147-150]. Furthermore, the HDI represents the passive 
observation of development levels in nations, rather than representing active policy targets. 
Recent work by Steinberger et al. [11], Lamb et al. [10], Lamb and Rao [26] and Lamb [9] all 
choose other metrics or panels of metrics to consider the relationship between human 
development and energy use and/or GHG emissions. In particular, Lamb’s [9] selection of 
indicators allows for both the paper’s interpretation of a human needs-based approach and 
alignment with the United Nation’s 2015 SDGs [20].46 If this chapter’s analysis of intra-country 
inequality wanted to move beyond a passive observation of HDI scores to an actively consider 
the impact of SDG policy formulation and achievement on energy use/GHG emissions analysis, 
it would first need to estimate the sub-national distribution of the 17 SDG’s for a panel of 
countries from every UNDP development category.  
                                                 
45
 By comparison, Appendix 3-O indicates that if the income levels of India’s poorest decile could be ensured at 
$3,000 and the MYS at 10 years, then an EYS of 18 and an LEB of 72 years would be required for that population to 
reach High human development. 
46
 Alignment of energy analyses with global development goals has historical precedence in the MDGs [378],[379]. 
The SDGs are slightly more inclusive of energy use as SDG 7 involves modern energy access, but still do not 
directly recognize the energy underpinning the other 16 goals.  
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The model this analysis uses to extend Grimm et al.’s [24] work on sub-national HDI 
distributions from 32 nations to up to a much wider panel of countries, is simple and comes with 
its own limitations and biases.
47
 Likewise, the proportioning of energy use and GHG emissions 
by quintile incomes is also simple. Given more time and access to a high quality uniform data set 
(if it exists), both HDI and GHG sub-national modelling could be improved using methods found 
in Harttgen and Klasen [126], Wiedenhofer et al. [42], Chakravarty et al. [23] and Chancel and 
Piketty [13]. Despite the potential for data driven improvements to the results presented in this 
chapter, it should be stressed that the current modelling process would need to be changed 
substantially to remove income’s appearance on both axes of many graphs – first as a component 
of HDI on y-axis and then as the basis for allocating the sub-national energy and GHG emissions 
totals that appear on the x-axis.  
Although model limitations and biases suggest cautious interpretation of findings, they should 
not interfere with the overall messages arising from this chapter. Improving the model is 
expected to only provide further confirmation of the insights in the sub-national relationships 
between HDI and energy/GHG emissions observed by this study. For example, a clear 
improvement to this study’s simple model would be to account for the metric and 
methodological changes used to estimate the education index that have occurred since the time of 
the Grimm et al. [24] study that this analysis is based on. Appendix 3-P’s comparison of this 
model’s lowest and highest quintile results with Harttgen and Klasen’s [126] results suggests that 
this analysis’s model underestimated overall intra-country inequality by overestimating bottom 
quintile HDI results for 11 of 15 nations.
48
 Improving the model through use of a revised data set 
having greater intra-country inequality and lower bottom quintile HDI’s, would only reinforce 
the immediacy of the need for equitable and sustainable human development. 
                                                 
47
 Most arise from the data underlying the model. Limitations that carry on from using Grimm et al. [24] data are 
listed in the section on data selection.  
48
 Results were compared after this study’s results were re-estimated using 2010 UNDP methodology. Eleven 
bottom quintile results were overestimated by between 12.3% and 88%. Only 8 of 15 top quintile results were 
overestimated at between 5% and 29%. Underestimation of top quintile results ranged from between 1% and 19%. 
In all, when compared using a measure of within-country inequality found by diving the top quintile (Q5) by the 
bottom quintile (Q1) HDI, this model underestimated Q5/Q1 HDI inequality for 11 of 15 countries by anywhere 
between 2% and 46%. Of the four countries for which Q5/Q1 inequality was overestimated by the model (by 2%, 
8%, 14% and 58%), Ethiopia represents an outlier at 58%. 
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3.6 Conclusion 
An understanding of the impact of within-country income inequality on the distribution of 
energy use/GHG emissions and human welfare is furthered by this chapter. Irrespective of the 
income-emissions elasticity value used, this chapter’s key findings are that: 
 1.4% of global CO2 emissions in 2012 arose from the 22% of the global population 
included in the study with Low human development HDI scores (the maximum amount 
under all income-emissions elasticity assumptions is 3%);  
 Although estimations of the per capita CO2 emissions of the poorest 20% of Very high 
human development nations vary widely with income-emissions elasticity values, only 
when incomes are strongly linked to CO2 emissions increases (e = 1.6) is it possible to 
observe cohort populations that enjoy both High human welfare and have per capita CO2 
emissions of less than 1 t CO2 only;  
 In 2012, the lifestyles of populations enjoying Very high human development (HDI > 
0.8), and representing less than 20% of the population, resulted in 50% of CO2 emissions, 
and the lifestyles of populations having Medium or Low human development, and 
representing over 50% of the population, resulted in 20% of CO2 emissions. 
This chapter’s top down approach to the estimation of global HDI and GHG emissions 
distributions is useful in highlighting the HDI’s relationship with energy/GHG emissions in a 
borderless comparison of rich and poor populations. However, a bottom-up nationally focused 
analysis is required to check this chapter’s findings and discuss HDI and energy/GHG 
relationships at a country level. This is particularly important for discussions of the changes 
required for poor populations to transition to High and Very high human development, while 
maintaining low GHG emissions. No less important are potential insights on changes required 
for rich populations to maintain High and Very high human development, while transitioning to 
low GHG emissions. The next chapter of the thesis undertakes pursues a bottom-up method for 
estimating sub-national HDI scores and CO2 emissions for India.  
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4 National view of inequality in energy use/GHG emissions and human 
welfare 
4.1 Introduction 
The guiding research objective of this chapter is to better understand the impact of within-
country income inequality distribution of energy use/GHG emissions and human welfare in a 
single nation. India, with the largest populations in the world lacking access to electricity and 
clean cooking fuels in 2014 [1], and an HDI  ranking of 130
49
 in 2014 [133], provides an ideal 
country on which to focus the chapter. This study uses India Human Development Survey 
(IHDS) data [27, 28] to generate household consumption and emissions distributions for India in 
both 2005 and 2012, and consults the EORA global multi-regional input output database [14, 15] 
for sectoral intensities of India’s economy. The analysis uses HDI 2015/2016 methodology [18, 
133]. 
India focused energy research is pressing in that India is home to an estimated one million 
premature deaths a year due to air pollution arising from solid fuel use in households [151]. 
GHG focused energy research is timely in that India, the fourth largest GHG emitter in the world 
after China, the United States, and Europe (EU-28) [152] also recently discussed GHG emissions 
related commitments at the 2015 COP22 conference in Marrakech. India’s submission to the 
COP21 in 2015 specifically refers to the need to ensure a reasonable HDI for the country and 
notes that “no country in the world has been able to achieve a Human Development Index of 0.9 
or more without an annual energy availability of at least 4 toe [167 GJ] per capita” [153]. In 
2014, India’s per capita energy use was 0.64 toe (26.7 GJ) [154]. 
Study results are largely as one might expect and show total energy requirements and CO2 
emissions rising with incomes in India in both 2005 and 2012. Suggested policies are also fairly 
predictable, with the Indian government being urged to continue prioritization of modern energy 
access efforts alongside efforts to reduce the energy and emissions intensity of the sectors of its 
economy. However, both surprises and important puzzles arise when looking closely at different 
aspects of household energy use and resulting emissions across deciles and the study years. 
These require acknowledgement and discussion. 
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 188 countries total. India’s Inequality adjusted HDI ranking was one higher than its HDI ranking in 2014. 
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4.2 Background 
Analyses of household energy use and/or GHG emissions based on household survey data are 
widely available in literature for both richer [29-35] and poorer countries [36-42]. In the case of 
India, such analyses are showcased in the work of Pachauri and Spreng [39] and Pachauri [38], 
who estimate the direct and indirect use of energy by Indian households for the years 1983 to 
1999; Grunewald et al. [36], who estimate emissions footprints of households in 2005 and 2010; 
and Khandker et al. [37] who calculate direct household energy use in order to discuss 
measurement of energy poverty. These works reference guiding literature exemplifying, 
explaining or making such studies possible such as the input-output (IO) table focused work of 
Leontief [155], Bullard and Herendeen [63], Herendeen and Tanaka [156], Lenzen [157] and 
Miller and Blair [158], as well as the basic energy needs work of Goldemberg et al. [74].  
Work on sub-national HDI analyses have been ongoing in India since 1995 [159].  Between 1995 
and 2007, at least 22 Indian states and territories released human development reports featuring 
state and/or district level HDI estimates [136]. In 2002, India released a national human 
development report which estimated HDI values for 1981, 1991 and 2001 using a slightly 
modified index thought to better fit the Indian context [160].
50
 Reports focus on the geographical 
rather than socio-economic distribution of HDI scores in India. 
Analysis of the HDI scores of economic quintiles in India in 1997/1998 and deciles in 2005, can 
be found in studies of a wider panel of countries in the work Grimm et al. [24]  and Harttgen and 
Klasen [126] respectively.
51
 In recent years, providers of the HDI have also recognized the need 
to account for intra-country inequality as part of national human development measures [132, 
161, 162] and have released an inequality-adjusted HDI [133]. However, while acknowledging 
inequality within countries, annual reporting of the index and sub-indices remains at the national 
level and the distribution of inequality within countries is not addressed. The limits of the HDI in 
presenting the complex nature of well-being in a single index having three dimensions are widely 
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 This study’s results will not be comparable with either state or national reports as both used older (and in some 
cases modified) HDI methodology.  
51
 For the same reason as the last footnote, this study’s results will not be comparable. 
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recognized [147-150].
52
 However, the HDI remains a simple but powerful metric accessible to 
both a wide range of policy makers and to readers familiar with energy literature. 
No surveyed literature combines an analysis of both HDI scores and energy and emissions data 
in India at the sub-national level. Results from this analysis are expected to compliment global 
literature on the lack of energy access [93] to modern energy services [103] – better known as 
energy poverty [44, 90, 163], along with literature arising from IHDS data. This analysis is one 
of the first to cover both 2005 and 2012 IHDS years. 
Selected findings from earlier energy related IHDS works include a higher likelihood that 
median households located in urban slums will have electricity than median rural households 
[164]; a much higher share of energy poor households in rural over urban locations despite a 
similar share of income poor households in both locations [37]; a likely increase in household 
non-farm enterprise incomes from improved electricity access and availability [165]; a finding 
that water supply and educational attainment are major determinants of the uptake of modern 
fuels alongside more obvious ones such as income, fuel pricing and access [166]; findings for 
well-being associations that highlight the need for electricity access prioritization in rural areas 
and electricity availability across all of India [167]; a finding that the uptake of modern fuels is 
impeded by large family size [168]; findings that led the author to recommend renewed Indian 
government focus on improved stoves and kitchen ventilation [169]; and findings for the 
potential for social and economic benefits for rural women from the use of improved cookstoves 
in Indian households [170].   
4.3 Methods 
This section will detail the modelling process shown in Figure 24. 
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 Additionally, the interplay between energy choices and other inequalities within India such as intrahousehold 
inequality [366], gender and caste form important considerations not explored by this study. 
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Household survey selection 
Data 
type 
Coverage Source 
IHDS 2005: 41,554 households, 215,754 individuals, 34 states/territories 
2012: 42,152 households, 204,568 individuals, 34 states/territories 
Desai et al. [28] 
Desai and Vanneman [27] 
 
Initial household survey data cleaning according to energy definitions and data 
 
Estimate household energy use and GHG emissions totals 
Direct commercial energy use and GHG emissions 
Literature [37, 38, 171-174], Government [175-182], 
International agency [183-188] agencies 
Direct non-commercial energy use and GHG emissions Pachauri [38], Gelman and Hill [189] 
Indirect energy use and GHG emissions 
Pachauri [38], Gruenwald et al. [36], Lenzen et al. [14], 
Lenzen et al. [15] 
 
Aggregate household data to estimate overall, rural and urban India energy use and GHG emissions 
 
Household survey cleaning by incomes/wealth and divide into deciles [147], as selected for all India, rural or urban 
 
Aggregate household energy and GHG data according to deciles 
 
HDI estimation for deciles using 2015/2016 methodology and goalposts UNDP [18, 133] by decile 
Life expectancy at birth (LEB) 
Shah and Gosavi [190], London Health 
Observatory [191], Toson and Baker [192] 
Mean years of schooling (MYS) 
Expected years of schooling (EYS) 
UNESCO [193, 194], Harttgen and Klasen 
[126], Huebler [195] 
Income Harttgen and Klasen [126] 
 
Final HDI and energy/GHG emissions data and present by appropriate all India, rural or urban decile 
Figure 24 Modelling process used in this chapter 
 Household survey selection 4.3.1
This study is based on publically available IHDS household survey data. The IHDS data set 
represents the result of a joint effort by the University of Maryland and the National Council of 
Applied Economic Research (NCAER), New Delhi. The 2005 data set covers 41,554 households 
containing 215,754 individuals. Data collection took place between November 2004 and October 
2005, and accessed 1503 villages and 971 urban neighbourhoods across all but two Indian states 
and territories [28]. The 2012 data set covers 42,152 households containing 204,568 
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individuals.
53,i
 Data collection took place between January 2011 and August 2013,
ii
 and accessed 
1420 villages and 1042 urban neighbourhoods across all but two Indian states and territories. The 
2012 data set includes 40,018 of the households visited during the 2005 survey. [27] Application 
of IHDS supplied weighting allows each survey sample to be nationally representative.
iii
  
The IHDS was chosen for this analysis due to the study’s collection of household income data as 
well as consumption and detailed energy data. The income component of the IHDS study marks 
a departure from other India household surveys which focus on consumption or asset data as a 
measure of economic standing [147]. Based on an interest in calculating HDI scores by income 
deciles in India and comparing survey year results easily, per capita income given in constant 
2011 PPP $ is the selected metric of household economic status used in this study. When a 
discussion of local currency is required, Indian rupees (INR) will be used. Appendix 4-A 
provides further information on the estimation and use of per capita income to separate India’s 
population into deciles. 
 Energy definitions 4.3.2
In this study, household modern energy carriers include electricity, LPG and kerosene.
iv
 
Household solid fuels include firewood, dung, crop residues and coal/charcoal. Commercial 
energy carriers are those purchased by a household. Non-commercial energy carriers are those 
self-collected by a household.
v
 Unless otherwise specified, all energy and emissions reported in 
this chapter are given in MJ
vi
 and tonnes carbon dioxide (t CO2) per capita respectively. When 
results are reported for all of India or by quantiles, energy and emissions calculations have used 
IHDS supplied household weights to ensure results are representative of respective 
populations.
vii
 
This study estimates a variety of useful household energy measures. Household boundary energy 
use is defined as the amount of direct energy use within the boundaries of a household.
viii
 End-
use energy is defined as the actual useful energy delivered by an energy service after efficiency 
losses.
ix
  Total direct primary energy use
x
 represents household boundary energy plus the non-
solar energy involved in its production.
xi
 A household’s total energy requirement is found by 
adding its total direct primary energy use and the indirect energy use arising from a household’s 
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 For the methods section, this paper will switch from footnotes to appendices and endnotes as many of the 
methodological notes are quite lengthy and involved. Footnotes resume in the results section. 
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consumption of goods and services.
xii
 Indirect CO2 emissions cover the CO2 emitted in the 
production of a good or service created for household consumption – also referred to 
interchangeably as embodied emissions in this study. Total CO2 emissions cover the CO2 
emissions arising from a household’s indirect CO2 emissions as well as its direct CO2 emissions 
arising from total direct primary energy use. To ease comparison of the results of this study with 
national statistics and analyses that do not include non-commercial biomass energy, the study 
also estimates total indirect and commercial energy carrier CO2 emissions. 
 Household boundary energy, end-use energy and total direct primary energy use 4.3.3
and emissions for energy carriers used by households 
In order to estimate the household boundary and end-use energy for a household, IHDS 
household consumption data and village level energy carrier data are combined with relevant 
energy and emissions data from literature [37, 38, 171-174] as well as government [175-182] and 
international [183-188] agencies. Smith et al. [171] provides the central text for India specific 
fuel energy content values, overall stove thermal efficiencies, and CO2 emissions from fuel-stove 
combinations.
xiii
  
Household boundary energy use is calculated by summing the energy content of all reported 
direct commercial and non-commercial energy carrier use.
xiv
 In the case of kerosene, IHDS 
provides a household’s reported kerosene consumption in physical units.xv In others, the IHDS 
reported household expenditure for a surveyed energy carrier must be divided by the reported
xvi
 
or estimated
xvii
 price of the carrier.
xviii
 In the case of reported non-commercial energy use,
xix
 this 
analysis imputes
xx
 non-commercial fuel savings (avoided expenditure) for each house responding 
that it self-collected an energy carrier or both
xxi
 self-collected and purchased an energy carrier. 
For each energy carrier, an imputation considers the overall energy use mix for all energy 
carriers in households, along with the household’s urban or rural location, state, number of 
occupants, and IHDS provided weight.
 
Following imputation, non-commercial energy 
consumption figures are estimated using the same methods as commercial energy sources. 
Total direct primary energy use is now be estimated for each household. For both commercial 
and non-commercial firewood, dung
xxii
 and crop waste, as well as non-commercial coal/charcoal, 
this analysis assumes that primary energy use for each energy carrier equals the household 
boundary fuel use.  For commercial coal/charcoal, kerosene and LPG, the household boundary 
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energy use is added to the indirect energy embodied in the energy carrier
xxiii
 in order to arrive at 
the total direct primary energy use. In the case of electricity, this analysis chose to first account 
for transmission and distribution (T&D) losses [175, 176] and then account for generation 
efficiency as calculated from the IEA’s [183, 187] energy balances for India for the appropriate 
year.
xxiv
  
CO2 emissions arising from total direct primary energy use are estimated using the similar 
methods which require the addition of embodied emissions to the household based emissions for 
coal/charcoal, kerosene and LPG. Electricity CO2 emissions are calculated using the Central 
Electricity Agency’s (CEA) [177, 182] average emissions per kWh figure for each unit of net 
electricity generated across India’s five regional grids.xxv 
Transportation fuels are not included in the 2005 IHDS survey and not disaggregated in the 2012 
IHDS survey. Neither they, nor their impacts are included in this study’s estimation of total 
direct primary energy use or CO2 emissions. Similar limits on energy analyses of India household 
data are noted by Khandker et al. [37] and Pachauri [38]. However, the purchase and use of 
personal transportation appliances is linked to income in India and represents a rapidly rising 
share of household energy requirement as overall household expenditures grow [40]. The 
missing direct primary energy use and CO2 emissions from private transportation in households 
can only be inferred from the indirect energy use and emissions associated with consumption of 
IHDS transportation categories that are included in this study’s results.  
 Indirect energy use and CO2 emissions from consumption of commodities other 4.3.4
than energy carriers 
In general, indirect energy and CO2 emissions arising from the consumption of commodities 
other than energy carriers are calculated by multiplying adjusted expenditure
xxvi
 in rupees for 
each of the IHDS consumption categories
xxvii
 by an appropriate sectoral energy intensity value 
given in MJ/INR and an appropriate emission intensity value given in kg CO2/INR 
respectively.
xxviii
   
Although Pachauri [38] serves as the overall guide in the construction of methods used in the 
estimation of a household’s indirect energy use, the study chose not to calculate sectoral energy 
and emissions intensities from scratch using a combination of government supplied IO tables and 
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all available national energy and emissions data. This study diverges with works like Pachauri 
[38], Pachauri and Spreng [39] and Parikh et al. [196] and emulates Grunewald et al. [36], by 
taking advantage of the growing availability of MRIO tables that consistently cover the Indian 
economy over a large number of sectors, multiple years and are linked to national and global 
trade flows in energy and GHG emissions.
xxix
 Appendix 4-C provides relevant information on 
the process of determining indirect energy use and CO2 emissions from consumption of 
commodities other than energy carriers. 
 Rural/urban energy and CO2 emissions comparisons 4.3.5
Prior studies of household energy use in India indicate a large difference between urban and rural 
energy use patterns [37, 38]. Along with the combined all-India results that are the focus of this 
study, rural and urban results
xxx
 are also presented in Appendix 4-D and Appendix 4-E for 
comparison.  
 Income-energy and CO2 emissions elasticity estimation 4.3.6
Income-energy and CO2 emissions elasticities are commonly estimated and used for modelling 
purposes – as was demonstrated in the last chapter. Appendix 4-M provides details for the 
estimation of both income and expenditure-energy and CO2 emissions elasticities from IHDS 
data. 
 HDI estimation 4.3.7
HDI scores are estimated for each decile using the 2015/2016 Human Development Report 
(HDR) [18, 133] methodology. The HDI is made up of three sub-indices covering income, 
education, and health. The estimation of those sub-indices builds from the estimation of 
characteristics of each decile population being analysed, such as mean income, life expectancy at 
birth (LEB) for a child born in the year of study, mean years of schooling (MYS) of the adult 
population, and expected years of schooling (EYS) for a child entering the base level of the 
school system in the year of study. Final estimation of the HDI involves the mathematical 
combination (geometric mean) of the three sub-indices.  
Appendix 4-B details the estimation of HDI scores and sub-indices, 2015/2016 HDI 
goalposts,
xxxi
 and lists the IHDS variables used in HDI and HDI sub-index estimations. Example 
calculations of the HDI and its sub-indices are provided in the Technical Notes supplied with the 
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2015/2016 HDRs [18, 133]. The use of 2015/2016 HDI methodology allows the HDI scores 
estimated by this study to be compared with HDI scores from prior years published in the 
UNDP’s 2015/2016 HDR reports. A discussion of the differences between current and older HDI 
methodologies can be found in Klugman et al. [134]. 
4.4 Results  
Unless otherwise noted, results are presented by income decile. Decile-based plots show the 
population with the lowest average annual per capita household incomes at the left of the 
horizontal axis in the decile labelled “1” and the population with the highest average annual per 
capita household incomes on the right of that axis in the decile labelled “10”. Table 7 presents 
the annual per capita decile income boundaries in both scaled 2011 PPP $ and unscaled current 
INR for each study year. The vertical axis of each plot corresponds to what is being presented. 
Table 7 Decile annual per capita income boundaries in scaled 2011 PPP $ (unscaled current INR)   
Annual per capita income boundaries in scaled 2011 PPP $ 
Income 
decile 
2005 2012 
Lower boundary 
(unscaled 2005 
INR) 
Upper boundary  
(unscaled 2005 INR) 
Lower boundary 
(unscaled 2012 INR) 
Upper boundary 
(unscaled 2012 INR) 
1 31 (91) 628 (1,857) 36 (184) 896 (4,543) 
2 628 (1,857) 912 (2,697) 896 (4,544) 1,341 (6,800) 
3 913 (2,698) 1,170 (3,460) 1,341 (6,800) 1,775 (9,000) 
4 1,170 (3,460) 1,488 (4,399) 1,775 (9,000) 2,239 (11,356) 
5 1,488 (4,400) 1,861 (5,500) 2,239 (11,356) 2,792 (14,160) 
6 1,861 (5,500) 2,374 (7,018) 2,792 (14,160) 3,549 (18,000) 
7 2,374 (7,018) 3,095 (9,148) 3,549 (18,000) 4,625 (23,455) 
8 3,095 (9,148) 4,269 (12,621) 4,626 (23,460) 6,310 (32,000) 
9 4,271 (12,625) 6,726 (19,882) 6,310 (32,000) 10,115 (51,300) 
10 6,729 (19,892) 444,863 (1,315,050) 10,115 (51,300) 820,467 (4,161,000) 
 Welfare inequality 4.4.1
Figure 25 presents the result of estimations for the overall 2005 and 2012 HDI for each income 
decile. . Red, grey and yellow horizontal lines in Figure 15 represent the UNDP’s [18] Very 
high, High and Medium human development thresholds according to 2016 methodology. India’s 
national HDI scores [25], have also been indicated on the graph using appropriately coloured 
lines. 
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 Figure 25 Average HDI for India income deciles for 2005 and 2012  
Figure 25 shows a fairly large HDI inequality between top and bottom deciles for both 2005 and 
2012. Although Figure 25 shows HDI gains for all deciles over the seven years separating IHDS 
surveys, half of India’s population (~600,000 million people) is estimated to remain in low HDI 
territory in 2012. This is an improvement from the ~700,000 million people estimated to be in 
low HDI territory in 2005.  For both years, the UNDP’s national HDI score overestimates the 
average HDI of the Indian population, more closely matching the HDI score of the seventh 
income decile in each IHDs survey year.
54
 Appendix 4-F presents sub-indices results.  
The gains of all deciles between 2005 and 2012 can be strongly attributed to education and 
income gains. Health gains across seven of eight deciles also help explain overall HDI 
improvements for those deciles. Gradually decreasing overall HDI gains of upper deciles 
between study years are due to the decreasing education index gains – especially for the top 
decile – and decreasing health index scores for the top two deciles. Uncertainties in the 2012 
decile health results (see Appendix 4-F) make it hard to conclusively determine whether HDI 
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 In recent years the HDR has started providing an inequality adjusted HDI along with the traditional national HDI 
score. It is expected that the UNDP’s national inequality adjusted HDI would more closely match the mean of the 
distribution for each study year in this analysis. The additional work required in order to compare this study’s results 
with the UNDP’s inequality adjusted HDI for each study year is scheduled for a future revision of this paper. 
Very high 
Low 
Medium 
High 
(*2012) 
(*2005) 
*UNDP [25] reported HDI’s for each study year 
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inequality in India is increasing, stayed roughly the same, or whether it is decreasing as Figure 
25 appears to show. Welfare results separated into rural and urban locations can be found in 
Appendix 4-D. 
 Energy and emissions inequality 4.4.2
Appendix 4-G presents aggregate energy and emissions results for India. Figure 26 presents the 
average annual per capita direct and indirect energy requirement for India income deciles in 2005 
and 2012.  
 
Figure 26 Annual per capita household based energy requirement for all India 2005 (panel A) and 2012 (panel B) income 
deciles  
Table 8 shows the annual per capita household energy requirement for the first and tenth income 
deciles in India in 2005 and 2012. The income deciles presented in Figure 26 and Table 8 contain 
the same households for each year as those presented in the all-India results connected with 
welfare inequality.   
A B) 
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Table 8 Annual per capita household energy requirement for the first and tenth income deciles in India in 2005 and 2012, 
and an average across all deciles in each year  
Energy use in GJ per capita 
2005 2012 
1 10 All 1 10 All 
Direct, non-commercial solids 3.98 1.77 3.24 4.07 1.44 2.95 
Direct, commercial solids 1.02 0.88 1.33 1.33 0.54 1.18 
Direct, kerosene 0.28 0.23 0.31 0.29 0.19 0.28 
Direct, LPG 0.10 1.78 0.52 0.20 2.08 0.80 
Direct, electricity 0.75 4.11 1.60 0.83 5.20 2.11 
Indirect, consumption of food, beverages and tobacco  0.69 1.73 0.97 0.81 1.81 1.15 
Indirect, consumption of clothing and footwear  0.35 1.43 0.59 0.28 1.91 0.67 
Indirect, consumption of education and recreation  0.23 1.32 0.43 0.29 1.84 0.68 
Indirect, consumption of medical care and hygiene  0.56 1.11 0.62 0.74 1.64 0.96 
Indirect, consumption of transport  0.29 2.25 0.67 0.53 5.67 1.64 
Indirect, consumption of other services  0.10 1.51 0.36 0.16 1.51 0.46 
Indirect, consumption of housing and household effects  0.13 0.76 0.26 0.09 0.70 0.23 
Total energy requirement 8.48 18.86 10.90 9.62 24.52 13.12 
 
Surprisingly, both panels of Figure 26 show that total primary energy use (does not include direct 
emissions from transportation) sees a small but fairly constant growth over deciles both within 
study years and between study years
55
. Results indicate that solid fuel use patterns have changed 
little across India’s income deciles between 2005 and 2012 and that both electricity and LPG 
have seen growth in all deciles. As in 2005, poorer deciles in 2012 continue to rely on self-
collected solid fuels for their majority of their direct household energy needs. Furthermore, 
results also indicate that while middle deciles in 2005 may have mixed replacement of self-
collected fuels with both commercial solid and modern energy carriers before showing a clear 
preference for modern energy carriers in upper deciles, nearly all deciles in 2012 show a 
preference for modern fuels when deciding to transition from collected fuels to purchased fuels. 
With respect to indirect decile energy requirements arising from household consumption, both 
panels in Figure 26 show a growing total requirement with income both in and between study 
years before a final larger jump between the ninth and tenth deciles.   
Figure 27 presents the average annual per capita CO2 emissions from direct and indirect energy 
requirement for India income deciles in survey years and contain the same households for each 
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 Due to the exclusion of some households from deciles results, average per capita emissions and energy values 
presented for all India results may differ slightly from those presented in decile results. 
110 
 
year as those presented in Figure 26. Table 9 shows the annual CO2 emissions arising from the 
per capita household energy requirement for the first and tenth income deciles in India in 2005 
and 2012. 
 
Figure 27 Annual per capita household based CO2 emissions for all India 2005 (panel A) and 2012 (panel B) income 
deciles 
 
Table 9 Annual per capita CO2 emissions arising from the household energy requirement for the first and tenth income 
deciles in India in 2005 and 2012, and an average across all deciles in each year  
CO2 emissions arising from each category in tonnes CO2 per 
capita 
2005 2012 
1 10 All 1 10 All 
Direct, non-commercial solids 0.36 0.16 0.29 0.36 0.13 0.26 
Direct, commercial solids 0.09 0.08 0.12 0.12 0.05 0.11 
Direct, kerosene 0.02 0.01 0.02 0.02 0.01 0.01 
Direct, LPG 0.01 0.09 0.03 0.01 0.10 0.04 
Direct, electricity 0.07 0.36 0.14 0.06 0.40 0.16 
Indirect, consumption of food, beverages and tobacco 0.05 0.11 0.07 0.07 0.14 0.09 
Indirect, consumption of clothing and footwear 0.02 0.08 0.03 0.02 0.17 0.06 
Indirect, consumption of education and recreation 0.01 0.09 0.03 0.02 0.15 0.06 
Indirect, consumption of medical care and hygiene 0.04 0.09 0.05 0.08 0.17 0.10 
Indirect, consumption of transport 0.02 0.16 0.05 0.05 0.50 0.14 
Indirect, consumption of other services 0.01 0.08 0.02 0.01 0.11 0.03 
Indirect, consumption of housing and household effects 0.01 0.05 0.02 0.01 0.06 0.02 
Annual per capita CO2 emissions from total energy 
requirement 
0.69 1.36 0.85 0.83 1.99 1.09 
A) B) 
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Both panels in Figure 27 show direct CO2 emissions (not including direct transport emissions) 
increasing minimally but steadily across deciles within 2005, but staying nearly flat across the 
first nine deciles in 2012, before seeing a real increase. Indirect emissions (including from 
transport) represent the largest CO2 emissions growth area across deciles and study years. The 
largest increase in CO2 emissions both within each study year and across study years occurs for 
the richest decile.  
Energy and CO2 emission results separated into rural and urban deciles can be found in 
Appendix 4-E. Decile-based results showing the relationship between household boundary 
energy, end-use energy and CO2 emissions from total direct primary energy use for India in both 
2005 and 2012 can be found in Appendix 4-H. Appendix 4-I presents decile-based results for 
total indirect and commercial energy carrier CO2 emissions. Appendix 4-M provides results for 
income and expenditure-energy and CO2 emissions elasticities. 
 Combined welfare and energy inequality 4.4.3
Figure 28 presents HDI results for 2005 and 2012 varying with the household CO2 emissions for 
each decile. HDI 2015 thresholds and results have been included in Figure 28 in the same 
manner that they were included in Figure 25. 
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Figure 28 HDI for India 2005 and 2012 income deciles plotted against annual per capita household CO2 emissions 
 
In general, Figure 28 shows that between 2005 and 2012, both HDI scores and CO2 emissions 
grew for all decile groups in India. With the exception of move from the first to second decile 
group, Figure 28 also clearly suggests that increases in emissions accompany decile HDI score 
increases both within and between study years. Additionally, for the richest three deciles, 
emissions appear to be growing more quickly than gains in HDI between study years. Figure 28 
also shows a small unexpected CO2 emissions increase for the poorest population in each study 
year. Presentation of combined HDI, household boundary energy, and end-use energy can be 
found in Appendix 4-J. 
4.5 Findings/Discussion 
Presented results are largely as one might expect and show HDI, total energy requirements and 
emissions rising with incomes in both 2005 and 2012. However, a few surprises and important 
puzzles arise when looking more closely at different aspects of household energy use.  A brief 
discussion of how this study’s results compare with relevant recent studies of disaggregated 
HDIs and the energy requirements and CO2 emissions of Indian households can be found in 
Appendix 4-K. A brief discussion of end-use energy findings can be found in Appendix 4-L.  
Very high 
Low 
Medium 
High 
(*2012) 
(*2005) 
*UNDP (2015) reported HDI’s for each study year 
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 Drawing conclusions cautiously from combined welfare and energy inequality 4.5.1
Insights into energy, emissions, human development and welfare relationships arise naturally 
from results – and some directionality will be discussed – but causality is not demonstrated by 
this analysis and caution is required when drawing conclusions.  For example, the results 
presented in Figure 28 can be interpreted to suggest that household energy use, and the resulting 
CO2 emission increases of lower deciles between 2005 and 2012 have driven fairly sizable gains 
in HDI for those deciles over that time span. That is a possibility. However, when Figure 27 is 
included in the analysis, compelling alternative interpretations arise.  
Figure 27 shows the total emissions connected to direct use household energy changing little 
across deciles despite the replacement of solid fuels with modern fuels. While the health benefits 
from lowered household air pollution (HAP) and greater efficiency of modern fuel use in 
households may be directly or indirectly supporting the increased incomes which result in HDI 
increases of lower deciles, evidence demonstrating such a relationship is not provided by this 
study. What is clear is that the increasing CO2 emissions of lower (and all) deciles between study 
years can be attributed largely to higher emissions from household consumption.  
A study such as Rao [165], which draws on IHDS 2005 data, and finds a likely increase in 
household non-farm enterprise incomes from improved electricity access, might be used to argue 
that energy directly supports wealth creation. However, even if electricity is available at a 
village, neighbourhood or household level, poor households must also be able to afford the 
energy services provided by electricity. Although Ahmad and Puppim de Oliveira [166] find 
education
56
 to be one of a few major determinants of the uptake of modern fuels in Indian 
households, it is increased wealth which eventually allows households to sustain the transition 
from self-collected solid fuels that do not have a direct monetary cost attached to them, to 
modern energy carriers that require income to purchase. Increased income also supports the 
consumption of goods and services – with their own energy and CO2 emissions requirements – 
that the growth of most national economic systems relies on. Increased wealth, regardless of the 
source and support system, appears to be central driver for both HDI gains and increasing 
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 Modern energy’s critical role in supporting public infrastructure (schools, hospitals, water, sanitation) that directly 
supports development [112], does not show up in household consumption surveys and is not captured by the results 
shown in any of the figures in this paper.  If it did, it would result in increased emissions attributed to India’s poorer 
populations benefitting from that development (as might be indicated by HDI increases). 
114 
 
household emissions between deciles both across and within study years. 
 Moving from solid but renewable and locally accessible energy carriers to modern 4.5.2
but non-renewably produced and market dependent fuels 
Firewood and other local biomass energy carriers (dung, crop residue, charcoal) represent 
renewable
57
 energy sources and, as study results show in Figure 26, are generally accessible to 
poorer households who can self-collect these resources. The modern alternatives in India are 
largely non-renewable produced electricity, kerosene and LPG – none of which can be self-
collected and all of which come with financial cost. Commonly stated motivations for supporting 
the transition to modern energy carriers include reductions in deforestation and the time and 
drudgery penalties associated with self-collection of energy carriers and use of inefficient energy 
services – especially for women and children [197].  
The improvements in HAP that come with lowered in-home emissions from more efficiently 
used and less locally emission intensive energy carriers are also a critical component in 
improving the human welfare of household residents. The WHO [21] estimates that deaths from 
HAP related to the combustion of solid fuels for cooking reached 4.3 million globally in 2012. 
The health benefits of a transition away from household solid fuel use in India are surveyed by 
Kankaria et al. [198] and are most evident in the case of a transition involving a household’s 
cooking solution [199]. Although the scope of the cooking solution challenge in 2012 remained 
large with less than 400 million people living in households able to access and afford modern 
cooking solutions and only 86 million people living in households using improved biomass 
stoves with chimneys, there are some hopeful indications of beneficial change occurring between 
2005 and 2012. IHDS data indicates that between 2005 and 2012, the number of people living in 
households using biomass stoves with chimneys nearly doubled (44m in 2005) and the number 
of people living in households using modern cooking solutions also nearly doubled (209m in 
2005). However, IHDS data also indicates that the number of people living in households 
cooking in unventilated areas only reduced from 248 million to 241 million people between 
survey years. 
                                                 
57
 “Renewable” is used with this definition - sustainably harvested and arising from natural processes [367]. The 
FAO [368] reported that India, with a national forest cover of 22% and 2% of the world’s forest area in 2015, was 
one of the ten top countries in the world that gained forest area between 2010 and 2015. More research is needed to 
determine what the relationship between forests area gains and domestic firewood use (if there is any at all), in order 
to discuss whether biomass use in India is sustainable. 
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The connection of the challenge with poverty is clear. In 2012, the percentage of the population 
living in households cooking in unventilated areas drops from over 29% (31.4% in 2005) of the 
poorest decile’s population to under 9% (10.9% in 2005) of the richest income decile’s 
population, and modern cooking solution usage moves from under 9% (4.4% in 2005) of the 
poorest decile’s population to over 74% (59.5% in 2005) of the richest deciles population. Taken 
together the poor remain much more likely in 2012 to be living in households that cook in 
unventilated areas using solid fuels.  
Interestingly, IHDS data suggests that between 2005 and 2012, improved chulhas (cookstoves) 
with chimneys appear to have reached poorer households in large enough numbers to invert the 
observed distribution between deciles in 2005. In 2005, improved chulha usage reached as few as 
3.1% the population living in poorer deciles and increased to up to 6.6% of the population living 
in the richest deciles. However, in 2012 this trend reversed, with up to 9.1% of the population 
living in poorer deciles reporting improved chulha usage and only 4.7% of the population living 
in the richest deciles reporting the same.  
The reason for this reduction in the richest deciles can probably be attributed to the transition 
from solid to modern cooking solutions found in the results of this analysis. The reasoning and 
mechanisms supporting the transition to improved chulhas in poorer deciles cannot be guessed at 
using IHDS data, but is an area with human welfare and policy implications [21, 169, 170, 198, 
199] deserving of further research. Similarly, the impacts of such transitions on human welfare 
measures such as LEB are part of a complex puzzle that will not be solved as part of this 
analysis. One might reason after consulting relevant literature that LEB (and HDI) in India, 
especially in poorer deciles, will be positively impacted as HAP decreases, but the results of the 
LEB analyses in this study do not extend to causality.  
 Growth of total household emissions in 2012 despite a decrease in average 4.5.3
household emissions from total direct primary energy use from 2005 to 2012 
This study finds that average CO2 emissions from total direct primary energy use in Indian 
households in 2012 actually returned a small decrease (2%) from 2005 emission levels. 
However, as can be observed in Figure 27, India’s average per capita total household emissions 
grew from 0.85 to 1.09 t CO2 between 2005 and 2012. A growth in India’s per capita indirect 
emissions from an average of 0.26 to 0.51 t CO2 over the same time span provides an explanation 
116 
 
as to this change. While indirect CO2 emissions increased by more than 63% for each decile 
between 2005 and 2012, for the richest four deciles it more than doubled. The growth in incomes 
observed for all deciles between 2005 and 2012 in Figure 70 are not only aiding the achievement 
of higher HDI scores shown in Figure 25 but also appear to be driving the relationship between 
growing HDI scores and total household emissions shown in Figure 28. This relationship 
suggests that unless the emissions intensity of goods and services consumed in India are reduced, 
higher incomes resulting in higher HDI scores and greater household consumption in India will 
come with a growth in indirect emissions.  
In the case of emissions intensive services such as transportation, Figure 27 indicates agreement 
with Pachauri’s [40] finding that high incomes have facilitated a rapid growth in CO2 emissions 
from that sector. As only the indirect emissions from transportation (private and public) can be 
included in this study, it is critical that the direct emissions arising from private transportation be 
included in further research. A complete understanding of total household CO2 emissions and 
energy use is hindered by their omission.    
 Constancy of household emissions despite small increase in total direct primary 4.5.4
energy use and large increase in modern energy carrier use  
Figure 27 suggests that despite only a small increase in total direct primary energy use and a 
much larger transition to modern energy carriers as incomes increase in 2012, per capita 
household emissions from total direct primary energy use do not decrease, but stay generally 
constant across the deciles. In theory, the move to more efficient modern energy carriers should 
have overshadowed the small increase in total primary energy use and resulted in reduced total 
CO2 emissions in 2012.  
The major factor operating against the expected reduction in household emissions in richer 
deciles in 2012 India is the fairly high emissions intensity and low T&D efficiency of India’s 
largely coal powered electricity grid. In 2012, coal fired generation represented nearly 72% of 
India’s electricity generation capacity [188] and T&D losses were estimated at 25.7%. Emission 
reductions from the use of increasingly efficient and modern energy powered services as 
incomes rise are unlikely unless the emissions intensity of India’s grid is reduced and T&D 
losses are minimized. Although India has taken steps to reduce T&D losses from 30.4% in 2005, 
to 25.7% in 2012, and 23.04% in 2013-2014 [176], the last figure was still roughly three times 
117 
 
the 2013 global average for grid T&D losses of 8.16% [200].   
Future decreases in the CO2 emissions intensity of India’s grid are expected to arise from both a 
product of continued improvements in T&D losses and proposed expansion of solar PV and wind 
generation facilities in the next decade [201]. However, India’s need to improve grid reliability 
and meet rapidly growing electricity demand may also provide drivers for higher grid CO2 
emissions intensities. Bhattacharyya’s [202] scenario of grid expansion through expansion of 
coal generation infrastructure offers one pathway to the realization of that possibility. 
If India can continue with critical reductions in the CO2 emissions intensity of its grid, this will 
aid India’s population in minimizing the CO2 emissions of households as they make the 
transition to modern energy carriers and higher HDI scores. For example, the 0.2 improvement in 
HDI score (0.43 to 0.63) observed in the transition from decile one to eight in 2012 in Figure 28 
corresponds only to a 2.5% increase in CO2 emissions (0.572 to 0.585 t CO2 per capita) from 
direct total primary energy use (not including transportation) in households. The eighth decile 
uses more than three times the electricity, nearly six times the LPG, self-collects only 57% of the 
fuel of the first decile, and has reduced solid fuel use by 36%. However, it should be observed 
that the eighth income decile in India in 2012 had still not achieved High or Very high human 
development categories according to UNDP [133] scoring. In fact a High human development 
score is not reached in the either IHDS survey year until incomes reach tenth decile levels. 
 Discussing household energy and CO2 emission results in an energy poverty 4.5.5
context 
Results of this study suggest that addressing energy poverty in India, strictly defined as a lack of 
access to modern energy services, might be pursued with little to no impact on total direct per 
capita household CO2 emissions,
58
 by extending an inefficient and carbon intensive electricity 
grid to all households in India. However, unless the wealth creation required to maintain a 
sustained modern energy carrier transition at the household level can be decoupled from the 
increased CO2 emissions arising from household consumption underpinned by the Indian 
electricity grid – especially consumption connected to lifestyles as wealth grows – then the 
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 This argument assumes that CO2 emissions from biomass fuels cannot be viewed ‘carbon neutral’, even if there 
may be some grounds for treating dung and crop and forest residues in this fashion [360]. 
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carbon lock-in [203] created by this extension will ensure a high base emissions intensity
59
 of 
Indian goods and services until carbon intensive plants are retrofitted or replaced. If wealth 
creation and household consumption trends observed in the results of this analysis hold during 
the period of grid expansion and subsequent years of carbon lock-in, then India’s one billion 
strong population will represent an ever increasing share of global CO2 emissions. In short, 
growing incomes and the extension of a carbon intensive grid in India can address energy 
poverty, but both also represent potential drivers for the future consumption-based CO2 
emissions of all Indians.    
Although exploring options to address this tension are beyond the current scope of this study, a 
few broad options can be put forth. Changing individual behaviour as wealth grows represents 
one option, but is unlikely given global views on consumption’s relationship to modern 
lifestyles. Distributed generation systems aimed at separating potentially carbon intensive wealth 
creation and energy poverty alleviation efforts from those aimed at reducing the carbon intensity 
of Indian goods and services, represents a more likely option that may already be occurring in 
some areas of India. A third option involves extending the grid rapidly to address energy poverty 
and create wealth, but doing so using only generation options that lower the emissions intensity 
of India’s grid.  
Under current global energy and emissions related pressures, reducing energy poverty at the 
same time as lowering the emissions intensity of India’s grid represents not just a national, but a 
global imperative. Discussions of financing for the energy transitions India requires in order to 
develop and reduce poverty among its people, while also considering global GHG emission 
requirements, should be referred to Chancel and Piketty [13], whose arguments regarding 
responsibilities for funding climate related adaptation, also seem applicable here. 
 Comparing household HDI results with global results from the previous chapter 4.5.6
Table 10 presents a comparison of Chapter 3’s global quintile based HDI model results for India 
in 2012 with Chapter 4’s national modelling results for India in the same year. Chapter 4’s 
results have been aggregated from deciles to quintiles. The UNDP’s [25] national HDI score for 
2012 is also shown.  
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 Reductions up to a base level dictated by the primary fuel type are possible through efficiency gains and 
reductions in T&D losses. 
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Table 10 Comparison of Chapter 3’s global quintile based HDI model results for India in 2012 with Chapter 4’s national 
modelling results for India in the same year.  
Country Year 
Quintile UNDP 
HDI 
(2012) 
Chapter 3 global 
model HDI  (2012) 
Chapter 4 national 
model HDI (2012) 
Difference 
between (%) 
India 2012 1  0.458 0.461 -0.8% 
India 2012 2  0.531 0.510 3.9% 
India 2012 3  0.576 0.550 4.5% 
India 2012 4  0.623 0.612 1.8% 
India 2012 5  0.699 0.721 -3.1% 
India 2012 Average 0.600 0.600 0.568 2.3% 
 
Table 10 indicates that Chapter 3’s model estimates for quintile HDI scores in India in 2012 
differed by less than 5% with this chapter’s estimations.  
 Discussing household CO2 emission results in a global context 4.5.7
The difference between the total household CO2 emissions presented in this study, the national 
emissions for India put forth in Chapter 3, and those used in global discussions of climate change 
and social justice requires unpacking. Critically, this chapter’s results do not include direct CO2 
emissions from a household’s private means of transportation. Less obvious, but also important 
is that the study’s focus on CO2 leaves out a sizeable portion of the GHG’s arising from 
household energy use and consumption of goods and services in India. For example, Chakravarty 
et al.’s [23] CO2 focused paper would need to be extended to other GHGs in order to capture the 
roughly 25% of global GHG emissions missing from their analysis. Studies such as Pathak et al. 
[204], which estimates that CO2 represents only 16% of GHG arising from the life cycle of a 
panel of common Indian food items, provide further illustration of the need to include other 
GHGs in household energy and emissions analyses.  
Global discussions of human induced climate change regularly refer to CO2e emissions from 
India, which move beyond just CO2 to cover a wider range of GHGs. This study’s finding of an 
average household emissions level of 1.09 t CO2 per capita for India in 2012 (0.83 t CO2 per 
capita if only commercial and indirect sources of emissions are considered) must be understood 
as a share of the 1.67 t CO2 – which excludes land-use change and forestry (LUCF)
60
 – and 2.54 
t CO2e (excluding LUCF) annual per capita emissions estimated to be attributed to India by 
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 See Chapter 17 in Baumert et al. [361] for more on LUCF 
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combining World Resources Institute [205], EORA [14, 15] and UN [2] data. This study’s CO2 
emissions finding also represents a share of the 2.1 t CO2e annual per capita emissions (also 
excluding LUCF) attributed to India by recent compelling work from Chancel and Piketty [13]. 
Table 11 estimates the share of this study’s annual average per capita emissions in each national 
figure discussed. Table 11 also estimates decile-based results for each national figure by scaling 
it proportionately to this study’s decile-based household CO2 emission results. 
Table 11 Global Indian emission attributions for 2012 (unless marked otherwise) scaled proportionately to this study’s 
decile-based household emission results from household consumption and all energy carriers  
 Category 
India 
avg 
Study 
share 
1 2 3 4 5 6 7 8 9 10 
World 
avg 
CO2 household 
2012, (all), c 
1.09 100% 0.83 0.82 0.87 0.89 0.94 0.97 1.06 1.18 1.34 1.99  
CO2 national 2012, 
c [2, 14, 15, 205] 
1.67 65% 1.27 1.25 1.34 1.37 1.44 1.49 1.62 1.81 2.06 3.05 4.77 
CO2e national 
2012, c, [2, 14, 15, 
205] 
2.54 43% 1.94 1.90 2.03 2.08 2.19 2.27 2.47 2.76 3.13 4.65 6.31 
CO2e national 
2013, c, [13] 
2.10 52% 1.60 1.57 1.68 1.72 1.81 1.88 2.04 2.28 2.59 3.84 6.2 
* p = production-based accounting, c = consumption-based accounting 
This study’s total household emissions represent 65%, 43% and 52% of the various national 
consumption-based GHG emissions figures attributed to India in 2012. The scaled decile CO2e 
emission results shown in Table 11 suggest that even the poorest decile in India in 2012 had 
CO2e emissions above Chancel and Piketty’s [13] sustainable 1.2 t CO2 per capita average 
emission threshold to keep global warming to under 2° C. Scaled CO2 emissions results for India 
also suggest that the poorest decile in India is already above Chakravarty et al.’s [23] proposed 1 
t CO2 emissions floor.  
However, caution should be exercised as national and global emissions may only account for 
emissions from commercial sources.
61
 Using emission results that include non-commercial 
energy carriers to attribute shares of national emissions to income deciles may result in the 
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 Handling of emissions from energy carriers considered renewable also requires close scrutiny. Depending on 
one’s view of how emissions from renewable energy carriers should be accounted for, and which of India’s energy 
carriers should be considered renewable, an argument might be made for a different accounting method from the one 
used in this study. Direct emissions from all energy carriers are included in national and deciles results. No indirect 
emissions are attributed to non-commercial energy carriers, or commercial dung, firewood or crop residue. 
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under-attribution of emissions to richer deciles, and over attribution to poorer deciles. Table 12 
mirrors Table 11, but presents results using only emissions from household consumption and 
commercial sources. 
Table 12 Global Indian emission attributions for 2012 (unless marked otherwise) scaled proportionately to this study’s 
decile-based household emission results from household consumption and only commercial energy carriers 
 Category 
India 
avg 
Study 
share 
1 2 3 4 5 6 7 8 9 10 
World 
avg 
CO2 household 
2012, (all), p 
0.83 76% 0.47 0.47 0.55 0.60 0.64 0.72 0.82 0.98 1.18 1.86  
CO2 national 2012, 
c [2, 14, 15, 205] 
1.67 50% 0.94 0.96 1.10 1.20 1.29 1.45 1.65 1.97 2.38 3.76 4.77 
CO2e national 
2012, c, [2, 14, 15, 
205] 
2.54 33% 1.44 1.45 1.68 1.83 1.97 2.20 2.51 3.00 3.62 5.72 6.31 
CO2e national 
2013, c, [13] 
2.10 39% 1.19 1.20 1.39 1.51 1.62 1.82 2.07 2.48 2.99 4.73 6.20 
* p = production-based accounting, c = consumption-based accounting 
Table 12 provides estimates that the household CO2 emissions arising from only the commercial 
sources that this study captures, represent lower shares (50%, 33%, and 39%) of India’s national 
consumption-based GHG emissions in 2012. Table 12 further indicates that if household 
emissions from commercially purchased energy and consumption were used for scaling national 
figures, then the poorest 20% of India had yet to reach a 1 t CO2 emissions floor in 2012, and 
Chancel and Piketty’s [13] consumption based 2013 emissions accounting figure represented the 
only Indian CO2e emissions attribution under which a few deciles had not yet crossed a threshold 
of 1.2 t CO2e (1.19 and 1.20 t CO2e for first and second deciles respectively).  
Table 12 also suggests that the CO2 and CO2e emissions for India’s richest decile have yet to 
reach world average emissions in those categories. However, it is expected that national 
emissions attributed to the top decile in Table 12 would near or exceed the world average and 
GHG emissions of bottom deciles would decrease further, if this study was able to fully include 
direct emissions from transportation in decile results. Wider GHG coverage, direct transportation 
emissions and an exploration of national and global GHG accounting of non-commercial and 
renewable energy carriers all arise as important areas for inclusion in future analyses similar to 
this one. 
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4.6 Conclusion: Wealth, HDI and emissions: no longer a puzzle but the challenge 
The research objective of better understanding the impact of within-country income inequality on 
the distribution of energy use/GHG emissions and human welfare in India is achieved in this 
chapter. Results suggest that one option for supporting the move to modern fuels, an improved 
HDI score and a reduction in household emissions is to support the improved wealth and 
economic productivity of India’s poor. However, results also show that increasing wealth 
inevitably coincides with increased consumption – consumption supplied via a carbon intensive 
grid and carbon dependent materials such as plastic [206] and steel [207]. In fact, for the richest 
10% of Indians in 2012, 61% of all energy consumed and 66% of CO2 emissions arise from the 
consumption of non-energy carrier goods and services. At the same time, the richest 10% of 
Indian’s only emit 20% more emissions from total direct primary energy use than the poorest 
10% (not including direct emissions from private transportation). 
Until wealth creation and human development is decoupled from consumption or zero carbon 
intensity energy and household products are introduced at large scale into the Indian economy to 
support livelihood growth, households with rising incomes will see consumption form an 
increasingly dominant share of household energy use and CO2 emissions. Given that there is a 
pressing need to reduce greenhouse gas emissions in order to minimize the degree to which 
global climates change, the time India has to make such transitions is an open and unresolved 
question. A large part of the answer to that question depends on the resolve of the world’s top 
emitters [23] to make needed changes or at least take responsibility for funding adaptation [13] 
for the world’s most vulnerable populations. 
Table 11 provides an estimate of 3.1 t CO2 for the annual average per capita CO2 emissions of 
India’s top decile in 2012.  That represents 64% of the global average in that year. Per capita 
CO2 emissions for the rest of India’s deciles in 2012 were significantly lower, decreasing from 
the ninth decile’s estimated 2 t CO2 emissions which were only 43% of the world average that 
year. From this perspective India appears to have the time to engineer needed energy and 
emissions transitions. However, when considering that only an estimated 20% of India’s 
population in 2013 was emitting levels of CO2e lower than the amount required to keep global 
warming below 2° C [13], and that 20% represents the least developed population in India, time 
appears to be less on India’s side.  
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With respect to making lasting improvements in the lives of its poorer populations as might be 
indicated by a reduction in household air pollution and improved HDI scores, India faces two 
conflicting and resource intensive tasks. The first involves leveraging the roll out of modern 
energy carriers to increase the wealth of its poorest populations and reduce solid fuel combustion 
and household air pollution in those households. The second involves reducing the emissions 
intensity of the modern energy carriers India uses to carry out that task and which, along with 
carbon intensive consumption items, play an increasing part in the Indian population’s CO2 
emissions as their incomes rise. Key aspects of the second task include reducing the carbon 
intensity of India’s grid, finding or creating replacement for high emissions goods and services 
currently imported into India, finding carbon neutral [bio-derived] replacement feedstocks used 
in the production of the plastic, steel and other carbon intensive materials that comprise many 
modern goods, and implementing the low carbon intensity recycling of such materials. 
As the previous paragraph illustrates, this study’s national focus has resulted in suggestions for 
two multifaceted tasks largely pitched at action on sub-national and local levels. In particular, 
effectively and responsibly aiding the poorest households in India or any nation to achieve 
modern energy carrier supported beneficial change, involves understanding the lived realities of 
those populations. The next chapter of this thesis attempts to support such an understanding by 
moving focus to the lived energy realities of an impoverished population from India’s neighbour 
Myanmar. 
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4.7 Methodological endnotes 
                                                 
i
 Although there are 204,569 individuals included in the IHDS 2012 individual data set, only 204,568 are recorded in 
the household dataset. The missing individual is not included in this analysis. 
ii
 As 89% of households were interviewed in 2012, IHDS results are labelled 2012. 
iii
 It is assumed that the difference between the total weighted representative population of the survey of 998 million 
people and the UN reported population of 1.14 billion people for 2005 [363] arises from the areas not able to be 
reached by the survey.  By comparison, Woodbridge et al. [369] report that the weighted population of the nationally 
representative National Sample Survey Consumer Expenditure survey in 2005 was 982 million people. The 
difference between the weighted population covered by the 2012 survey of 1.21 billion people and the UN’s 
estimation of 1.26 billion people is expected to similarly arise. 
iv
 Although kerosene is included under this label, when compared to LPG and electricity, its relatively low end-use 
efficiency cooking energy services [171] and greater indoor air pollution [370] make it the least attractive of the 
modern fuels.  
v
 Methods of estimation in this study consider non-commercially sourced fuels to be of the same quality as 
commercially sourced fuels; even though non-commercial fuels lack formally stated and enforceable quality 
standards (it might be argued that some commercially sold fuels do too). Use of fuels below commercial standards 
may result in a non-commercial fuel providing less useful energy and releasing more emissions than the same 
amount of a commercial fuel. 
vi
 1 kWh = 1 KJ/s x 3600s x 1 MJ/1000 KJ = 3.6 MJ.  1 tonne CO2 = 1000 kg CO2 = 1,000,000 g CO2. 
vii
 Khandker et al. [37] follow the same procedure when dealing with weights. 
viii
 Khandker et al.’s [37] study uses the term “Total Energy” to refer to this value. We do not use that term to avoid 
confusion when we include energy arising from the household consumption of non-energy items. Pachauri and 
Spreng [39] call this “Total direct final energy use”. 
ix
 This term is aligned with Khandker et al.’s [37] study to allow interaction with the findings of the study. Khandker 
et al. take the view that end-use energy represents the best energy measure of the benefit that an energy household 
derives from its energy use.  
x
 Aligned with Pachauri and Spreng’s [39] use of the term. 
xi
 This analysis follows Pachauri [38] in assigning no additional indirect energy or emissions to non-commercial 
dung and firewood. Non-commercial crop residue and coal/charcoal are treated the same.  
xii
 Pachauri and Spreng’s [39] label this variously the ”total household primary energy requirement”, “total 
household energy requirement”, “total (direct and indirect) energy requirements of households” and “total (direct 
and indirect) energy consumption of households”. 
xiii
 In cases where additional information is needed to make calculations involving those categories, required 
assumptions or needed values are sourced from relevant literature. However, although different end-use efficiencies 
should be used when a fuel’s main designated use was heating, lighting or a combination of uses, the average 
efficiency across all fuel specific cook stoves measured by Smith et al. [171] was used when calculating end-use 
energy available from any energy carrier use category. In the case of crop residue, residues included were limited to 
those reported in Smith et al. Although Smith et al. include rootfuels in their study, it was neither included in 
firewood or crop residue categories and thus is the only fuel covered by that study not included in this one. The 
specific gravity of kerosene in India is taken from Misra et al. [173].  Electricity end-use efficiency was taken from 
Khandker et al. [37]. 
xiv
 Transportation fuels directly consumed by a household to power private transportation are not included in the 
2005 IHDS survey. In 2012, the IHDS asks a specific question about expenditure on “Diesel/Petrol/CNG”, but 
unfortunately also include maintenance also in the same category making it impossible to even calculate the grossest 
direct transportation energy figure. 
xv
 This is used as the better measure of consumption than estimations of consumption taken from expenditure on 
kerosene. This also avoids the need to account for whether the kerosene was purchased at a subsidized price. 
xvi
 Village level price data for kerosene, LPG, firewood and dung is available as part of the both IHDS data sets. In 
cases where a village did not respond to a question on price for listed fuels or consumption items, average state level 
prices are calculated from IHDS data and inserted into household calculations. For LPG, subsidy information is 
needed in addition to price and expenditure information in order to estimate LPG use. For 2005 results, the average 
reported village level LPG prices were already in line with 2005 average subsidized prices given by Reddy and 
Srinivas [172]. No additional alterations were made to LPG pricing when a household indicated accessing the 
subsidy. Although this does suggest the need to increase the reported village price upward when a household 
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reported buying unsubsidized fuel, this correction has not been implemented. Additional research is needed to 
determine whether reported 2012 LPG prices require adjustment when a household indicated accessing LPG through 
a ‘government subsidized program’. No attempt made for either 2005 or 2012 to adjust LPG pricing when a black 
market source was reported by a household. 
xvii
 Coal/charcoal, crop residue and electricity prices are not part of the IHDS data set. Additional assumptions need 
to be made for each fuel type. Coal/charcoal: In order to arrive at an estimate of the average charcoal price for 2005 
and 2012, reported wholesale charcoal prices from a 2011 National Sample Survey Office report are given a 10% 
retailer mark-up on the conservative side of RWEDP [184] estimates, and then deflated or inflated to the appropriate 
survey year using World Bank [185] inflation data. This assumes that the basic price of the charcoal remains 
unchanged except for inflation. Also, although coal is included with charcoal in the fuel category, all fuel 
purchases/savings in this category are assumed to take place at charcoal prices. Crop residue: in the absence of 
relevant data, the crop residue price is set in the following manner. S. Singh et al.’s [174] estimates of daily crop 
residue use for an Indian household in Uttar Pradesh provides the only apparent time relevant data (although the 
paper was published in 2014, no year is given for data collection) this analysis could find for fixing the 2012 (or 
2005) crop price. First the daily household usage for households using crop residue for energy in either traditional or 
improved stoves in the S. Singh et al.’s study is averaged (2.85 kg/day/household) and then compared to Barnes and 
Sen [372] estimated daily average per capita usage of 0.5 kg/day in 1996 (Table 3.1, p28, does not give a year, but 
an adjacent table gives 1996 as a year) for six states in India. The lesser of the two figures (2.2 kg/day/household) is 
selected after turning Barnes and Sen’s [372] figure is turned into a household number using the average IHDS 2012 
household size from this analysis (4.8 persons/household, although the per capita figure in Barnes is averaged 
against the entire population of six states rather than just the number of people using crop residue, so this figure is 
probably too low for a household using crop residue). It is then turned into an annual figure (800 
kg/year/household). Then that total is multiplied by the representative national number of households estimated to 
be using crop residue for any purpose in IHDS 2012 reported data (60,276,150 or 24.2% of nationally represented 
households). The 2012 crop residue price is then adjusted until the total usage arising from commercial and non-
commercial use in the survey approximates the number from the prior estimation (724 PJ/year). The average 
national crop residue price arising from this method is 2.8 INR/kg. Whether price and total usage are reasonable or 
not is hard to determine given literature is unable to conclude whether it is a preferred [372] or inferior fuel in India 
[371]. The 2005 crop waste price (1.16 INR/kg) was estimated using the average firewood price in 2005 (1.58 
INR/kg) and the per kg crop waste to firewood price ratio from 2012 (0.73). Electricity: State level electricity price 
estimates for 2005 are found by averaging three domestic tariffs (including taxes and duties) provided for each 
state/region by the CEA [179] in 2009. Khandker et al. [private communication related to 37] created their estimates 
using the same data set. State level electricity rates for 2012 represent the average of six domestic tariffs provided by 
more recent CEA [180,181] reports. For some states/regions the data includes both rural and urban rates. The lowest 
tariff for each state/region for each survey year was substituted for the average rate across all tariffs when a 
household had indicated taking the LPG or kerosene subsidy or answered “No bill” [28] or “No bill/Govt. scheme” 
[27] to the survey question on electricity payments. See page 22 of CEA [180] for a description of various poverty 
related government electricity schemes in 2012. 
xviii
 The differences noted by India focused regional price [362] and electricity grid [182] studies compel further 
attention. 
xix
 Pachauri [38] estimates that in 2000, non-commercial energy carriers comprised nearly 85% of total energy use in 
India’s household sector. Recognizing that non-commercial energy use in India will still be prevalent in 2005, 
Khandker et al. [37] use 2005 IHDS survey responses to impute for self-collected biomass in their analysis of 
household energy use in India. 
xx
 The statistical method of estimation (imputation) used in this analysis is taken from section 25.4 in Gelman and 
Hill [365]. 
xxi
 In the case a household answered “both”, the reported purchase amount is subtracted off the imputed amount to 
give the portion saved through self-collection. If the imputed amount is smaller than the purchased amount, self-
collection savings are reported as zero rupees – or in other words, no self-collection is recorded.   
xxii
 Pachauri [38] does not include any indirect energy in the creation of firewood or dung.  
xxiii
 As opposed to Pachauri [38], this analysis does not use a dimensionless energy multiplier to arrive at total 
primary energy use for these fuels but rather uses the sectoral energy and emissions intensities given in MJ/INR to 
calculate indirect energy use. This study’s inclusion of location pricing differences is expected to overcome some of 
the energy price challenges that the use of energy specific dimensionless multipliers is meant to deal with. Subsidy 
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pricing differences have not been included in estimation methods, resulting in underestimations of the indirect 
energy and emissions connected with the energy carriers. 
xxiv
 In both instances, single average figures are used; one for overall grid T&D losses, and one overall generation 
efficiency figure as calculated by dividing energy consumed in generation by electricity generated before T&D 
losses but after self-consumption.  Total primary energy use = household boundary energy use / (1-T&D losses) /  
overall generation efficiency. In order to calculate the energy breakdown by fuel for electricity generation in India, 
electricity production from each fuel source was divided by the total production estimate using IEA [186,188].  
xxv Direct CO2 emissions = household boundary energy use / (1-T&D losses) * grid emissions factor (transformed 
from CO2 / kWh to CO2 / MJ. 
xxvi
 Adjusted expenditure represents household expenditure in rupees calculated by multiplying the consumption 
total in units of the commodity by the market price available to that household regardless of whether that unit was 
purchased at a market price, purchased at a subsidized price or home grown. Additional assumptions are needed 
when a household indicated that a portion of the consumption item was home-grown. As households gave no 
indication of what share of consumption was commercially purchased or home grown, this analysis arbitrarily chose 
to allocate half of indicated consumption as commercial purchase and the other half as home-grown. 
xxvii
 Kerosene is one of those items. As it was already accounted for in the previous section, its estimation is not 
included in this section. The other IHDS consumption categories excluded from this section are a 2005 question on 
total spent on electricity, LPG and firewood and 2012 questions on electricity and household fuel (firewood, cow 
dung, LPG) consumption as these items were included in the analysis in the direct energy section’s calculations. 
xxviii
 In this iteration, the sectoral intensity of home-grown goods is assumed to be zero which is in-line with this 
study’s treatment of commercial and self-collected firewood, dung and crop residue as well as non-commercial 
coal/charcoal in direct fuel usage, but requires further consideration for the next iteration. 
xxix
 As sectoral intensities for each of the global IO databases can vary widely when compared across a common 
year, country and sector, comparison of results with past literature or even other IO databases should be undertaken 
with close attention to each databases methodology. 
xxx
 Urban and rural comparisons for 2005 are delineated using an IHDS 2005 provided indicator representing 2001 
census urban/rural classifications for the village/town’s surveyed. Urban and rural comparisons for 2012 are 
delineated using a similar IHDS 2012 indicator based on 2011 census data. Although indicators in both the 2005 and 
2012 IHDS data set allow for more nuanced rural/urban classifications, this analysis chose to focus on the rural / 
urban divide as broadly referred to in prior literature, while acknowledging that pursing such classifications as part 
of future analyses might provide additional insight. IHDS 2005 and 2012 variables also allow results to be 
additionally divided into urban slums (2005), and metro, more developed village, and less developed village (2012). 
xxxi
 HDI goalposts are the maximum and minimum allowable values for life expectancy, mean years of schooling, 
expected years of schooling and income per capita for each HDI calculation year. This analysis uses the goalposts 
from 2015 (LEB min=20, max=85) (MYS min=0, max=15) (EYS min=0, max=18) (Income min=100, max=75,000 
PPP $ 2011). Use of consistent methodology and goalposts while calculating the HDI for other years (such as 2005 
and 2012 as in this paper) allow HDI index and sub-index scores to be compared across years.    
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5 Local view of inequality in energy use/GHG emissions and human welfare 
 
[208] 
 
“[…] poverty alleviation is about people, people who are in situations very difficult to imagine 
for many of us, who write or read papers like this one.” [44] 
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5.1 Research objective and population selection 
This research objective was selected specifically to ground the modelling research detailed in 
prior chapters in the energy use realities of an impoverished population. Research objective 
three, which aims for improved understanding of the impact of locally assessed inequality 
between households on the distribution of cooking energy/GHG emissions and human welfare in 
an impoverished population, guides chapter research. 
The award of a competitive Endeavour Research Fellowship by the Australian Government 
allowed research to centre on refugee populations from Burma/Myanmar
62
 living in camps in 
Thailand. A cooking energy focus was selected in collaboration with The Border Consortium 
(TBC), the longest running NGO serving refugee populations on the Thai/Myanmar border.
63
 
Household inequality in this portion of the research was observed using a household 
vulnerability scale developed by TBC; one that incorporates the extremely limited income 
streams available to refugees. 
This chapter has less to do with the data driven formulation of an overarching energy human 
welfare framework than prior chapters, but is essential in providing research to support a 
substantive discussion of the poorest populations in that framework – and global initiatives to 
improve the welfare of those populations with energy.  
5.2 Introduction 
Myanmar is a country in transition. Fighting between the central government and armed groups 
continues to plague parts of the country [209, 210], elections up to this point have been quasi-
democratic at best [211], and as of April 2017 there are still over 100,000 refugees living in 
camps in Thailand [212]. Despite the transition’s many unresolved challenges, the repatriation of 
refugees to their traditional homes remains a possibility and humanitarian and community based 
stakeholders have been expanding preparations for this eventuality [213]. Those preparations 
include continuing to ensure that refugees living on the Thai/Myanmar border have access to 
                                                 
62
 Burma/Myanmar has been used in the introduction of this article to recognize that although Myanmar is seeing 
increasing use internationally, some organizations, groups, literature, et cetera still use Burma to refer to the nation. 
Myanmar’s sole use hereafter aims to make reading easier rather than make a political comment. 
63
 TBC was initially known as the Consortium of Christian Agencies (CCA) and has changed names a few times 
since it started working with refugees from conflict and humanitarian crises in Burma/Myanmar in the mid-1980s. 
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energy for cooking food, as well as exploring ways to support secure cooking energy solutions 
for returning refugees.  
Southeast (SE) Myanmar,
64
 the region to which most refugees in Thailand camps call home 
[214] and are expected to return to on eventual repatriation,
65
 suffers from chronic health and 
poverty issues [215], has a high incidence of land confiscation [216] – potentially in the name of 
environmental protection [217, 218] – and has a low penetration of modern energy cooking 
services [219]. A heavy reliance on traditional biomass energy sources extends beyond SE 
Myanmar to the country as a whole, which has a diminishing national forest area [220] and relied 
on traditional biomass energy sources for almost 80% of its total final energy consumption in 
2012 [221].  
Cooking energy selection on refugee return to Myanmar will be influenced by cooking energy 
availability and practices in Myanmar, and household experiences with cooking energy in 
Thai/Myanmar border camps. Recent research has focused on both the energy needs of poor 
people living in Myanmar
66
 [222-224] and the state of cooking energy access in a diversity of 
United Nations High Commissioner for Refugees (UNHCR) camps having a diversity of official 
cooking solutions [1, 46, 52]. This chapter extends that research by narrowing the focus to the 
current state of cooking energy access on the Thai/Myanmar border in a cross section of refugee 
households from camps having a single official cooking fuel option [225].  
The scope and limitations of research are presented in the next section. Methods and materials 
follow. Country and Thai/Myanmar border refugee camp cooking intervention backgrounds are 
provided in a section after that. Findings on refugee household cooking energy access differences 
are then presented and used to discuss opportunities for improving cooking energy access in 
camps. The chapter concludes with likely cooking energy access transitions from camps to SE 
Myanmar and the identification of areas for further research. 
                                                 
64
 For the purposes of this study, SE Myanmar consists of Kayah State, Kayin State, the Bago East region, Mon 
State, and the Tanintharyi region – and uses current Myanmar defined state borders and names although it 
acknowledges that other stakeholders may define them differently. 
65
 See Appendix 5-A for a map. 
66
 But not in major areas of refugee return. 
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5.3 Scope and Limitations 
The selection of the population for the focus of this portion of the PhD project arose from the 
author’s prior work on the energy challenges facing populations displaced from their homes in 
Myanmar and living on the Thai/Myanmar border. The author approached TBC to host the 
research and help decide on the most relevant energy focus for the study. TBC, who was being 
forced to consider cuts to its refugee camp cooking energy supply – it’s second largest 
commodity expenditure cost after rice at the time of contact in 2014 – identified cooking energy 
as the most practical focus for an energy related Thai/Myanmar refugee camp study. TBC was 
deeply concerned about the potential impacts of a reduced cooking fuel ration on the welfare of 
camp residents, and was interested in finding ways to support refugee cooking even if a cut had 
to be made. Literature on unresolved cooking energy challenges facing refugees and relevant 
stakeholders globally [45-52], also suggested academic merit in pursuing this focus. An 
Australian Government awarded Endeavour Research Fellowship then made the research 
possible. 
Field research took place between March and August of 2015 (see schedule in Appendix 5-B). 
TBC hosted energy research occurred alongside a 2015 TBC budget shortfall of seventy million 
Thai Bhat (THB)
67
 and related organizational changes; the development of the World Bank and 
Myanmar government’s National Electrification Plan aiming for universal access to electricity in 
Myanmar by 2030 [226] from a 2014 level of less than half of the rural population [1]; the 
proliferation of plans for electrification focused dams located in districts refugees previously 
called home [227, 228]; and increasing requests from TBC’s civil society and community based 
partners for community rehabilitation projects involving energy services. All refugee camp 
interviews took place before TBC’s June 2015 announcement that an across the board 5kg per 
household ration cut would go into effect in September 2015 [229].  
Planned research encompassed three main objectives chosen through in-country consultation 
with TBC: 
                                                 
67
 Prices throughout this chapter will be given in THB. In mid-June 2015, 1USD = 33.96 THB and 1 Australian 
dollar (AUD) = 25.75 THB. 70 million THB = ~2 million USD or 2.7 million AUD. 
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 To provide an updated understanding of the systems driving cooking solutions in refugee 
camps, the potential impacts of changes in TBC operations on these systems, and entry 
points to improve refugee cooking experiences in the face of limited resources; 
 To highlight how refugee interaction with energy services (beyond cooking) in the camps 
ties into the energy situation in SE Myanmar, resettlement planning, and readiness 
preparations; 
 To identify best practice, lessons learned, and indicators of success in energy related 
rehabilitation projects undertaken by TBC civil society and community based partners in 
SE Myanmar; 
The second and third research objectives are outside the scope of this thesis and neither will be 
detailed in this document. The first research objective aligns directly with the PhD thesis 
research objective and will be dealt with in the remainder of this chapter. Further limitations on 
the scope and impact of the research will be noted in the text as they arise, but a few limitations 
are worth clarifying up front.  
 The initial scoping of qualitative cooking (and all) energy focused research spanned not 
only camp based interviews, but also interviews with communities in Myanmar and 
government officials on both sides of the border. Security concerns around researcher 
travel logistics, the sensitive political nature of the refugee situation in Thailand and a 
nascent peace process in Myanmar led the researcher to remove government officials 
from both countries and Myanmar communities from interviews.  This limits the research 
scope to camp cooking systems and allows limited insights (beyond census data) on 
transitions from camps to Myanmar. 
 Although the semi-structured interview guide included in Appendix 5-C involves 
questions on human welfare and quality of life, interviewee responses to these questions 
will not be included in thesis results or discussion. Interviewee discussions of human 
welfare and quality of life largely resulted in interpreter provided concrete examples 
being repeated back as answers by interviewees. This failure arose from a poor 
survey/question design that did not incorporate a culturally appropriate method for 
facilitating a discussion based on abstract terms – such as ‘human welfare’ and ‘quality of 
life’. Nor did survey/question design incorporate a method for grounding abstract terms 
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in local cultures without biasing answers. Inferences between cooking solutions observed 
in camp households and human welfare are largely drawn from literature and a cooking 
energy access framework developed as part of a global energy access initiative. 
5.4 Materials and methods 
Research methodology comprised: 
 A review of TBC documents and data, and relevant external data and studies; 
 Semi-structured interviews with refugees, TBC staff, relevant focus groups, camp support 
system technical experts, and relevant external stakeholders; and 
 First hand observation of camp cooking systems during field visits to Nu Poe, Mae La 
and Tham Hin refugee camps.
68
 
The methods have been selected in order to enable ‘triangulation’ of multiple evidence sources 
for the purpose of understanding and identifying refugee cooking systems. This research utilizes 
methods similar to energy focused case studies which use multiple data sources, including 
qualitative sources such as interviews, to explore their chosen focal point with more depth than 
could be achieved using any one source alone [45, 230-233]. One of those studies, by Rogers et 
al. [45] explores a cooking project in an Ethiopian refugee camp. This chapter’s case study 
methodology is also informed by Yin [234], who provides criteria for determining case study 
appropriateness for application in research. Research aligns with Yin’s central criteria by: 
 Dealing with the lived realities of a situation (also an important aspect of the overall 
thesis); 
 Focusing on contemporary events; 
 Dealing with a complex and blurry situation in which the researcher has no control of 
behaviour or events; 
 Asking a “how” central research question (in this case “how differences in cooking energy 
access between households can inform actions to improve cooking energy access in 
camps?”). 
                                                 
68
 TBC selected Nu Poe, Mae La, and Tham Hin refugee camps for research activities in an attempt to account for 
the situational and environmental differences spanning all nine official camps while acknowledging that all camps 
could not be visited during the short research time frame. Refugee camps included in this research have a combined 
population comprising 56% of the total refugee population TBC served at the time research was conducted [391]. 
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Visualization and communication of case study results is elevated through the use of causal loop 
diagramming – which is known to be useful in conceptualizing dynamic and complex systems 
[235]; challenging entrenched mental models [236]; and aiding in the identification and 
communication of intervention points [237].  
 Literature Review 5.4.1
The chapter draws centrally on documentation and data provided by TBC, the longest running 
NGO serving refugee populations on the Thai/Myanmar border. TBC documents and data are 
interwoven with academic articles, organization/institution literature and government data in 
order to provide history, quantitative data points and context for the study. An appropriate 
acknowledgement will be made in instances where the literature or TBC data accessed are not 
publically available. Literature external to TBC was relied upon to provide up to date 
information on refugee energy situations globally, cooking energy access terminology and the 
cooking energy frameworks used in the presentation of results and discussion.  
 Interviews and kitchen observations 5.4.2
The study uses 36 semi-structured interviews in order to explore the energy situation and 
cooking energy concerns of relevant stakeholders. Research interviews usually lasted between 
thirty and sixty minutes. Camp based interviews used appropriately translated materials and a 
translator speaking the appropriate local language. Instead of targeting a representative sample 
size as might happen with a quantitative study, the qualitative semi-structured interviews instead 
aimed to holistically cover relevant stakeholder groups on issues around cooking energy access 
in TBC connected refugee camps. As mentioned previously, semi-structured interviews represent 
a research method that has been used effectively in surveyed energy case study literature [45, 
230-233] to explore and present a complex issue seen from many angles by a diversity of 
stakeholders. 
For the 24 interviews taking place in refugee households, the interviewer obtained permission to 
record interviews and make first hand observations of interviewee kitchens in the form of still 
photos taken using a digital camera. Consultations with TBC prior to interviews led to the 
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random
69
 selection in each camp of two households from each of the four community managed 
targeting (CMT) groups listed in Table 13. Essentially, CMT uses selection criteria decided upon 
through community consultation and assessed for each household by the community itself, to 
place households into four differing groups with different need levels [238].
70
 Those groups are 
self-reliant (SR), standard (STD), vulnerable (V) and most vulnerable (MV) households. As 
opportunities for earning money while living in camps are extremely limited, only a few of the 
multi-dimensional selection criteria assessing household vulnerability involve a measure of 
income [239, 240].  
Table 13 Total number of households and people in each CMT category for all camps at the end of June 2015 [213]  
CMT category Households (%) People (%) 
Self-Reliant (SR)          226 (1.1%)        1,045 (1.0%) 
Standard (STD)    17,178 (81.0%      89,102 (81.2%) 
Vulnerable (V)      2,336 (11.0%)      11,484 (10.5%) 
Most vulnerable (MV)      1,458 (6.9%)        8,167 (7.4%) 
Total    21,198     109,798  
 
According to Table 13, 81.2% of the camp population in June 2015 fit in the STD category, with 
only 1% fitting the SR category and 10.5% and 7.4% in the V and MV categories respectively. 
Camp populations are not evenly divided between sub-groups as they were into quintiles and 
deciles by income in prior chapters. 
In addition to the refugee household interviews, nine interviews were held with focus groups 
made up of individuals and organizations with relevant connections to issues of cooking in 
camps. Focus groups selected and interviewed included panels covering women’s associations; 
people living in boarding houses; camp committees and section leaders; and local TBC staff 
involved with charcoal briquette distribution, household vulnerability assessments, and natural 
resource management. Research pursued an additional three technical experts on camp support 
                                                 
69
 Four houses in Tham Hin were not chosen randomly by the researcher, but were selected by the Tham Hin camp 
representatives in what was thought to be a random manner, but was unable to be verified. According to the 
interpreter hired in Tham Hin camp, two of those households knew ahead of time that the researcher was coming 
and that they should ‘be ready’ from a camp-wide loudspeaker announcement. An additional two did not know the 
researcher would be specifically visiting them, but knew from the announcement that cooking system research was 
being conducted in camp. 
70
 For a description of the CMT group community identification process, see page 45 in TBC’s July to December 
2012 report [238, p45]. 
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systems (water, cook stoves, electricity) from TBC and other Thai/Myanmar border camp 
focused NGOs.  
The guide showing welfare and cooking focused questions used in all semi-structured interviews 
is presented in Appendix 5-C. Questions focused on cooking fuel use, coping strategies when 
households required more cooking energy than that contained in TBC supplied cooking fuel and 
alternative cooking solutions.  
5.5 Background 
 Myanmar background and relevant energy backgrounds 5.5.1
Myanmar has long been a country in transition. Only 14 years after being granted independence 
from Great Britain in 1948, Myanmar fell under military rule [241]. Despite the movement 
toward democratic governance that has been ongoing since 2010, Myanmar is still arguably 
under military rule. In the past fifty years its population has more than doubled [242] to a 2014 
census count of over 51.4 million people [243], and life expectancy has increased by 23 years to 
reach an average age of 66.1 in 2015 [18]. Over roughly the same span its net development 
assistance and aid increased from 16.8 million USD (2016 $) in 1966 to over half a billion USD 
in 2012 and nearly 4 billion USD in 2013 [242]. In addition, since the inception of the UNDP’s 
HDI, Myanmar has dropped by seven spots in national rankings from a position of the 50
th
 least 
developed nation with an HDI of 0.561 in 1990 [135] to the 43
rd
 with an HDI of 0.556 in 2015 
[18].
71
 A 2014 poverty analysis references a national GDP per capita figure of $900 and 
estimates that 26% of households fell below the poverty line [244].
72
 
In addition to refugees living on the Thai/Myanmar border, a June 2015 statistical snapshot from 
the UNHCR estimates that Myanmar was the source of over 1 million stateless people, an 
additional 400,000 refugees and asylum seekers and contained over 368,000 internally displaced 
people (IDP) [245].
73
 A TBC survey estimated that there were 110,000 IDPs living in SE 
                                                 
71
 Since 1990, HDI coverage has increased from 130 to 188 nations and HDI calculation methods have changed. 
72
 Further information on what defines that poverty threshold is not provided. However, this agrees roughly with a 
UNDP finding of a 25% poverty incidence when using a better defined poverty threshold [380]. 
73
 For a sampling of journal papers providing analyses of the refugee and IDP situation on the Thai/Myanmar 
border, see Hull [381] on IDP protection, Banki [382] on the connections between aid and refugee flows, Brees on 
refugee work strategies [383] and Brees [384] on transnationalism. None of these articles explicitly mentions energy 
aside from Banki [382] and Brees [385] noting that the 2007 “Saffron Revolution” and its brutal aftermath in 
Myanmar grew from a protest around steep unexpected fuel price increases. 
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Myanmar in 2014 [228]. Although refugee and IDP creation occurs for many reasons, regional 
and local civil society organisations have linked the displacement of some populations from SE 
Myanmar to armed conflict, land confiscation and a range of impacts from the pursuit of large 
scale energy projects in Myanmar such as natural gas projects [101, 246], coal projects [247] and 
hydropower dams [248-251]. 
Myanmar’s abundant natural energy resources (hydropower, coal, gas, petroleum, solar) make 
such projects viable [252]. Despite its abundant resources, Myanmar relies on traditional biomass 
for nearly 80% of its final energy consumption [221], and over 20% of the population’s main 
source of lighting is candles [243]. In 2014, national electricity access figures were 86% for 
urban populations, but only 49% for rural populations. In all, over 25 million people were still 
estimated to lack access to electricity in 2014 [1]. For those with access to Myanmar’s 
beleaguered power grids, blackouts are common occurrences [222, 223]. Myanmar’s lack of 
access to non-solid cooking fuels was estimated to cover more than 46 million people in 2014 
[1].  
Sovacool [105] determines that Myanmar’s heavy reliance on wood for primary energy use and 
its low rural electrification rate represent drivers for national deforestation. A 2015 Food and 
Agriculture Organization (FAO) report found that between 2010 and 2015, Myanmar had the 
third greatest annual forest area reduction after Brazil and Indonesia [220]. In a paper on 
challenges facing the environment in Myanmar, Sovacool [102] reports that in 2000, Myanmar 
was 16
th
 in the world for total GHG emissions, and that land use change and deforestation 
represented major drivers for these emissions.
74
 In a third paper on energy security in SE Asia, 
Sovacool et al. [106] rank Myanmar as the worst energy security performer in SE Asia over time 
between 1990 and 2010. 
To partially address such issues, the Myanmar government has developed a national 
electrification project in collaboration with the World Bank with a goal of “universal electricity 
access by 2030 with secure reliable, affordable, as well as environmentally and socially 
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 According to recent WRI [17] data, in 2012 Myanmar ranked 53rd in total GHG emissions, 43rd when LUCF 
emissions were not included and 92nd in CO2 emissions excluding LUCF sources. However, when divided by UN 
population statistics for 2012 [2] to arrive at per capita figures, those rankings drop to 136th, 112th, and 157th 
respectively. The corresponding per capita emissions for Myanmar in each category were 3.52 tCO2e, 1.88 tCO2e, 
and 0.22 tCO2. 
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sustainable energy supply to all consumers” [253]. In addition, new electricity and renewable 
energy laws are under development [254]. However, there is no evidence that the government 
has plans to specifically address national cooking energy needs, an issue affecting a much larger 
portion of the population. Nor are the energy challenges and needs of the refugees, IDPs and 
people of SE Myanmar addressed in large institution literature scoping the energy needs of poor 
people living in Myanmar [222-224] or academic offerings on energy solutions for Myanmar’s 
people [70, 96, 105, 108]. 
5.5.1.1 SE Myanmar energy data 
Energy concerns at all levels from mega-projects to household energy access need to be 
considered in order to facilitate and create conditions for refugee populations to return to their 
traditional homes in SE Myanmar. At a regional level, SE Myanmar is home to both the Yadana 
natural gas pipeline associated with extensive human rights abuses [246] and a series of 
contested large hydropower projects [227, 228], including a site under construction at the Hatgyi 
dam [255, 256]. At a household level, Myanmar census data released in 2015 tracks energy 
related line items in surveyed townships of SE Myanmar. Refugees will be eventually returning 
to many of these townships [214]. Specifically tracked relevant items include household lighting 
sources, household cooking fuel types, communication availability, and transportation 
availability [219]. Table 14 presents census data related to main cooking fuel type in 
“conventional households” [243] for areas of SE Myanmar connected with refugee return. 
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Table 14 “Conventional households by main type of cooking fuel” for SE Myanmar [modified from 219] in townships of 
refugee return [214]
 75
 
State / Region 
Name 
(Townships 
covered) 
Total 
Households Electricity LPG Kerosene Biogas Firewood Charcoal Coal 
Straw / 
Grass Other 
Kayah (6 of 7) 55,480 12,874 22 65 36 40,571 1,804 54 1 53 
Kayin (7 of 7) 308,041 29,371 1,948 854 2,501 193,554 77,142 2,042 30 599 
Mon (6 of 10) 281,034 61,613 1,763 553 2,393 189,828 22,898 831 11 1,144 
Tanintharyi (6 
of 10) 178,288 1,737 1,246 602 1,701 98,394 72,866 1,152 1 589 
Bago (9 of 14) 419,906 57,633 596 1,121 737 285,295 55,588 1,850 1,391 15,695 
 
According to Table 14, firewood is the main type of cooking fuel in each state/region in SE 
Myanmar. The only place with a close second to firewood is the Tanintharyi Region where 
charcoal has a 41% share compared with firewood’s 55% share of surveyed households.  
5.5.1.2 Thailand energy background  
The energy situation in Thailand, a host country to refugees from Myanmar for over 30 years and 
the country on Myanmar’s south eastern border, deserves brief coverage. Urban and rural 
electrification rates in Thailand in 2012 were 100% and 100% respectively [114] with 99% 
national grid coverage and only occasional brownouts [Ruangrong, 2012 in 257]. Urban and 
rural coverage of non-solid fuels in Thailand in 2012 were 86% and 62% respectively with 
combined national coverage of 86% [114]. Although electricity is still subsidised [257, 258], 
easing of national subsidies on cooking gas led to a retail cooking gas prices rise of 35% between 
July 2013 and April 2015 [259] as shown in Figure 29. Thai grid electricity and cooking gas are 
both in ‘unofficial’ use by refugees in some border refugee camps [260].  
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 Census data for sub-townships are included when connected townships are identified as areas of refugee return. 
Table 14 data covers the home areas of 96% of the refugee total at end of 2015. Identified missing townships include 
Pathein Township in the Ayeyawady Division (0.2%), Hlaing Township in Yangon (0.3%). No townships are 
provided in the case of 3.5% of refugees.  
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Figure 29 Ceiling price of a 15kg cooking gas refill in Thailand from May [259] 
In 2014, Myanmar supplied 18% of Thailand’s natural gas. In that same year, Thailand relied on 
natural gas for 66% of its power generation [261]. Thailand’s energy policies relate directly to 
refugee return areas in Myanmar. In a 2008 article, Smith and Htoo [101] argue that Thailand’s 
prioritization of energy security (along with China and India) is connected to the human rights 
abuses linked to large energy projects in Myanmar. One project, the Hatgyi Dam project being 
pursued by one of Thailand’s state energy authorities, led to renewed fighting in an area of 
refugee return in September 2016 [262]. 
 Cooking energy terminology 5.5.2
A household cooking system [263] covers the combination of cooking solutions in use in a 
refugee household.
76
 A particular cooking solution involves both the stove and fuel used to cook 
food in Thai/Myanmar border refugee camp households. A 2002 UNHCR document [48] ranked 
the fuels used by refugees on an energy ladder. The ladder placed loose wastes and residues 
below dry firewood on the ladder while listing charcoal, charcoaled briquettes, kerosene, biogas 
and LPG sat above firewood on the ladder. Although the energy ladder appears to be a useful 
organising concept where fuel supply or fuel supply transitions are being considered in a refugee 
situation, Van der Kroon et al.’s [264] analysis of literature covering cooking solutions found in 
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 However, this paper’s definition falls short of including “cooking location and ventilation” as described in a 
recent World Bank publication definition of cooking system. 
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poor country settings, finds greater empirical evidence at a household level for fuel or energy 
stacking behaviour, which sees households regularly switching between cooking fuels 
irrespective of their position on the energy ladder. 
The identification of a household’s primary (main) cooking fuel or solution emerges from a need 
for practical household level cooking coverage in the context of complex household cooking 
systems comprised of multiple cooking fuels, stoves and locations. For example, Myanmar’s 
recent census reported only on the main type of cooking fuel of surveyed households [219]. It 
did not report on the other cooking solutions used by households. There are limits to the ability 
of a researcher to conclusively identify more than a time dependent snapshot of the primary 
cooking solution in a fluid household cooking system.  
In certain situations where energy services, which represent a bridge between an energy source 
and human need, are limited, cooking solutions might also be used for other purposes to improve 
overall energy access. Bhattacharyya [59] elects to define energy access as “access to modern 
and clean, affordable and reliable energy services by the population of a country” despite noting 
both a differing IEA definition that includes a minimum threshold of electricity use and 
Pachauri’s [93] attempt to bring international consensus to the term.  
 Global context for refugee camp cooking studies 5.5.3
Past refugee focused energy literature has largely focused on the use [47], gender politics [50], 
and environmental impacts [49, 51, GTZ/UNHCR,1992 in 265] of forest resources. Improved 
use of local resources and alternatives to forest resources are also covered in existing refugee 
focused energy literature [45, 48]. Most recently, Vianello [53] and Lahn and Grafham [46] 
place refugee cooking energy needs in the context of global energy access initiatives [263], as 
part of an exploration of energy access in the lives of displaced people [52]. Such efforts have 
led to the formation of The Moving Energy Initiative, a recent multilateral humanitarian focused 
energy initiative that found that only 3% of the 8.7 million people living in refugee camps in 
2015 had access to clean cooking solutions [1].
77
 While there are mentions of the TBC overseen 
Thailand camps in the work of Owen et al. [48], Gunning [52] and Lahn and Grafham, no 
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 Tier 4 and above in Table 19. 
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comprehensive and up to date work on cooking energy in Thai/Myanmar border camps was 
located in literature. 
 Local context for Thailand/Myanmar border refugee camp cooking interventions 5.5.4
TBC has been continuously working in Thailand, with refugees from Myanmar, since a large 
influx of refugees in 1984 [266]. In the mid-1990s, the Thai government consolidated smaller 
refugee settlements into more densely settled camps and started pursuing policies that confined 
refugees to camps. In 1995 the Thai government asked TBC to provide refugees in some of those 
camps with cooking fuel, recognizing that high densities of people customarily reliant on their 
natural surroundings for survival will eventually diminish the surrounding natural environment’s 
ability to replenish itself and remain healthy. By 2000, TBC was supplying all officially 
recognized refugees with cooking fuel at the request of Thai authorities, and had switched focus 
from sawdust logs to briquetted charcoal cooking fuels. Table 15 provides a by the numbers look 
at TBC’s cooking fuel supply from 1995 to 2016.  
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Table 15 A brief by the numbers look at TBC’s fuel supply to camps from 1995 to 2016 [210, 267]
78
 
Year 
Year-end 
population 
(people) 
% population 
supplied with a 
fuel  ration 
Sawdust logs 
purchased (kg) 
Charcoal briquettes 
purchased (kg)79 
Firewood 
purchased (kg)80 
Total fuel cost81 
(THB in year 
reported) 
1995          81,653  28% 230,000                      -                     -    ฿2,563,200 
1996          89,973  39% 1,560,000                      -                     -    ฿8,421,377 
1997        108,277  55% 3,329,456                      -                     -    ฿18,216,407 
1998        101,918  69% [357]    -        5,841,073                   -    ฿41,608,705 
1999        105,425  100%                       -        6,434,835                   -    ฿57,521,172 
2000        117,292  100%                       -        8,880,581                   -    ฿79,092,838 
2001        125,118  100%                       -        9,418,978   950,600  ฿79,504,381 
2002        133,166  100%                       -      10,980,991   1,321,600  ฿90,662,702 
2003        139,568  100%                       -      10,900,644   1,722,000  ฿95,435,984 
2004        143,612  100%                       -      12,513,005   1,517,600  ฿97,482,873 
2005        142,917  100%                       -      12,867,680   1,792,350  ฿101,553,436 
2006        153,882  100%                       -      14,643,660   2,197,650  ฿132,504,307 
2007        141,608  100%                       -      13,847,800   1,820,350  ฿138,365,818 
2008        135,623  100%                       -      12,591,233   1,367,800  ฿105,856,759 
2009        134,920  100%                       -      12,983,560   508,900  ฿108,973,090 
2010        139,689  100%                       -      13,424,271                   -    ฿108,083,774 
2011        135,801  100%                       -      13,890,920                   -    ฿121,309,141 
2012        128,783  100%                       -      12,894,100                   -    ฿144,391,299 
2013        119,694  100%                       -      11,688,000                   -    ฿135,552,065 
2014        110,607  100%                       -      10,981,000                   -    ฿121,825,197 
2015 103,803 100%                       -    9,712,000                  -    ฿105,362,000 
2016 98,754 100%                       -    8,443,000                  -    ฿81,989,782 
 
Table 15 shows that although charcoal briquettes remains TBC’s main cooking ration fuel, TBC 
experimented with a mixed firewood/charcoal briquette cooking ration in three refugee camps 
between 2001 through 2009.  TBC also supplied firewood for house heating to residents in one 
camp
82
 between 2004 and 2008. TBC decided to stop supplying firewood to all camps in 2009 as 
logistical challenges outweighed financial savings [268]. 
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 Table data is compiled from TBC year end reports available from the TBC website. 
79
 Although charcoal became the main cooking fuel purchased in 1998, it is hard to verify from TBC annual reports 
when sawdust logs were discontinued. The 1998 figures for kg of charcoal may be inaccurate as they may include 
some sawdust log data. 
80
 A conversion of 350kg/m3 is given in a TBC report. [268, p99]. 
81
 For all years but 2004 to 2008, fuel costs represent cooking fuel costs. Fuel costs between 2004 and 2008 
represent both cooking and heating costs. 
82
 Umpiem Mai 
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In 2000, TBC also began to align aspects of cooking fuel provision with the recommendations of 
a May 2000 UNHCR supported cooking fuel assessment. Recommendations included improving 
camp stove stock, cooking practices, provision methods, supplier competition, ration size, fuel 
quality monitoring, and fuel appropriateness (firewood in some cases instead of charcoal). By the 
end of 2001, TBC had made progress on all recommendations but the one on improved cooking 
methods, citing a lack of internal capacity to support the initiative. [225] 
At the request of TBC, the same consultant returned to border camps in 2003 to make additional 
recommendations.
83
 Further recommendations included an increase in the average per person per 
month (p.p.p.m.) ration from 7.1 kg to 7.9 kg and a revision of the family distribution curve 
[269]. The new family distribution curve was standardized across all camps and provides the first 
member of each household with 20 kg of fuel, and each additional member with 5 kg. The 
consultant provides the following reasoning for the overall average ration increase. 
Typical fuel consumption in a non-refugee family of 5-6 people is about 400 gms of 
charcoal or 1 kg of firewood/person/day. This equates to 12 kg of charcoal p.p.p.m. 
Refugees tend to cook fewer meals than non-refugees, cook simpler meals, prepare 
relatively fast-cooking foods and combine small family units to make larger (and hence 
more efficient) cooking groups. Considering these differences, 8 kg p.p.p.m. would be a 
reasonable estimate of their minimum needs. This is borne out by the anecdotal evidence 
provided by refugees, confirming that the current average ration of 7.1 kg p.p.p.m. may 
be 10-15% short of what they really require. [270] 
Figure 30 presents the consultant’s 2000 findings on the apparent and likely actual per person 
energy consumption in Thai/Burma border camps according to increasing family size. Figure 30 
also shows the monthly per person energy content of the cooking fuel ration in 2000 and the 
effects of the 2004 monthly average per person cooking fuel ration increase on the refugee 
family distribution curve. Based on an interpretation of 2003 consultant recommendations, TBC 
set the average 2004 minimum cooking energy requirement “adequate for the refugees to cook 
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 Appendix F of TBC’s July to December 2003 report available from the TBC website provides an executive 
summary of the private consultancy and includes recommendations for delivery and distribution, standards and 
specifications, contracts and tendering, fuel inspection and analysis, cooking stoves, alternative energy sources, and 
carbon trade potential. [269] 
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their ration food and boil water” [269] at 190 MJ p.p.p.m. 84, 85 Figure 30 also shows TBC’s 
minimum cooking energy standard. 
 
Figure 30 Chart showing energy consumed by refugee based on family (household) size and target amounts supplied in 
2000 and 2004 [modified from 270, 271] 
As can be estimated from Figure 30, the “Likely Actual Consumption” for a family of 5.2 
people
86
 in 2000 was 372 MJ p.p.p.m. while the energy supplied by TBC to that family was 175 
MJ .p.p.p.m. Despite the 2004 standard average ration increase to 190 MJ p.p.p.m., Figure 30 
still shows a 2004 shortfall of up to 182 MJ/person a month. The discrepancy arises from the fact 
that refugees use energy available from TBC and other sources to do more than the minimum 
required for cooking, such as “boiling drinking water, heating bathing water, cooking animal 
food, baking bread, heating irons, drying clothes and warming their houses in the cold season” 
[271].
 
Aside from the previously mentioned heating fuel ration provided to a particularly cold 
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 Discussions of energy employ joules. One watt-hour is 3.6 kilojoules. One kilocalorie is 4.184 kilojoules. 
85
 As boiling water for drinking is listed separately from cooking in the consultant reports, it is difficult to determine 
whether the consultant actually intended boiling drinking water part of the minimum requirement.  
86
 By comparison, TBC data suggests that the average family/household size across all TBC camps in January 2015 
was five people 
Family size ~5.2* 
*The average family size in TBC monitored camps varied between 5.3 and 
5.4 over the four years between 1999 to 2003 [269, p23]. 
Family consumption curves and supply curves in 2000 and 
2004 along with TBC minimum energy standard 
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camp for a few years and the inclusion of boiling water in the minimum energy standard, TBC 
has not directly addressed non-cooking energy needs.
87
 
Changes in charcoal quality since the implementation of the minimum energy standard have 
impacted the ability of the charcoal ration to meet that standard. In 2012, TBC was forced to 
lower its minimum heating value standard from 24 MJ/kg to 22 MJ/kg. TBC reported that a 
central impediment to efforts to maintain and increase charcoaled briquette quality was the small 
number and scale of charcoal providers from which TBC can source charcoaled briquettes [272]. 
At that time, TBC was unable to increase the quantity of charcoal supplied in order to offset the 
lowered heating value as 2012 budget constraints were accompanied by a charcoal price 
increase. The large charcoal price increase in 2012 is reported to have arisen from a shortage of 
the sawmill, bamboo, and coconut by-products [238] needed
88
 for existing suppliers to meet 
demand while both reaching the TBC’s heating value standard and minimizing environmental 
impact. Figure 31 shows TBC’s 190 MJ p.p.p.m. target and the likely average actual energy 
ration supplied between 2004 and December 2015.  
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 However, TBC has indirectly addressed the heat energy needs of refugees on the border since 1984 through the 
supply of blankets. 
88
 TBC’s 2012 environmental impact assessment notes that charcoal raw materials can come from as far away as 
Laos and Cambodia [279]. 
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Figure 31 Target MJ/month/person over time provided by TBC cooking fuel ration [273] 
Figure 31 and Table 15 show that before reductions in funding forced TBC to indirectly reduce 
the energy ration in 2012, TBC consistently supplied more than 128,000 refugees with a quality 
checked TBC minimum standard cooking fuel ration for 9 years. Figure 31 then indicates that the 
2012 change in TBC’s fuel quality standard lowered the total capacity of the cooking energy 
ration below the TBC minimum standard. TBC, external consultant, and academic studies 
undertaken between 2011 and 2014 provide ample evidence of an energy shortfall leading 
refugees to supplement their primary cooking solution with non-charcoal based cooking 
solutions. This includes: 
 TBC collected Beneficiary Contact Monitoring results for the first half of 2011 which 
reported that 74% of interviewed households across all camps collected firewood due to 
insufficient charcoal [274]; 
 TBC collected Post Distribution Monitoring results for 2012 which reported that the 
charcoal ration on average lasted 23 days/month and that 40% of monitored households 
(83% in Site 1, 100% in Mae Ra Ma Luang, 16% in Mae La) gathered firewood as a 
cooking fuel [238]; 
 TBC collected forms from feedback points in camps from 2012 which reported the 
charcoal ration lasts on average 18 days [238]; 
190 MJ: Energy level considered adequate for food preparation and boiling of water in TBC camps 
  
*   Minimum charcoal heating value changed to 22 MJ/kg due to consistent supplier failure to meet 24 MJ/kg 
specification.  
     TBC was unable to maintain energy in ration by increasing charcoal supplied per person, due to funding constraints. 
** Ration cut of 5kg of charcoal to all refugee households. 
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 An academic study by Wei and Moore [260] which found from interviews with 205 
households in Mae La and Nu Po camps that the charcoal ration lasted between 21-30 
days in 76.6% of the households, 1-10 days in 5.9% of households, and between 11-20 
days in 17.5% of households, and that in addition to charcoal, 47.8% of interviewed 
households used firewood, 45.45% used bamboo, 2% used natural gas, and 1% used an 
electric rice cooker; 
 An unpublished 2014 study by the Harvard School of Public Health and the Public Health 
Institute in Umpiem Mai camp, which covered 268 households in Umpiem Mai camp and 
found that the TBC charcoal ration lasted an average of 16 days with 94% of participants 
responding that the ration did not last the entire month, and that 76% of the community 
used firewood with 66% reporting that firewood was “free and east to collect themselves” 
[275]. 
Such reports provide evidence of household cooking systems that encompass more than the 
charcoal briquette solution. Figure 32 provides an overview of the main household cooking 
system components noted in surveyed literature.  
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Figure 32 Overview of the main household cooking system components noted in surveyed literature 
Several of the cooking system components noted in Figure 32 have been the target of TBC 
interventions since 2001. TBC started supporting cook stove activities in 2001. Between 2001 
and 2012 TBC collaborated with partners to support camp based bucket stove research, 
production, and provision and training activities. Activities resulted in improvements in stove 
quality, appropriateness, standardisation, variety and end user satisfaction [276]. Examples of 
open and bucket camp cook stove stock are shown in Figure 33 and have the efficiencies listed in 
Table 16. 
 
Figure 33 Examples of camp cook stove stock, from left to right: three stone, improved bucket, standard bucket, three leg 
stoves  
 
COOKING FUELS: TBC 
cooking fuel ration, purchasing 
fuels, self-collected fuels from 
in/around camp, borrowing fuels 
COOK STOVES: 
standard bucket 
stoves, three 
stone/leg stoves, 
improved bucket 
stoves, gas stoves, 
electric rice 
cooker, other 
stove types 
  
ENERGY 
SERVICES: cooking 
food (minimum 
required), boiling 
drinking water, cooking 
food (beyond minimum 
required), baking bread, 
heating irons, clothes 
drying, heating bathing 
water, cooking animal 
food, house warming 
HOUSHOLD COOKING 
PRACTICES: Drying firewood, wind 
blocks for stoves, simmering food, 
controlling stove air flow, more fresh 
food, pre-soaking dried/hard foods, hand 
milling grains and beans, cutting hard 
foods into smaller chunks, tenderizing 
food, appropriate pot selection, using 
tight-fitting lids, double cooking, only 
using the appropriate amount of water by 
adding water while cooking, not over 
cleaning blackened pots, using a 
‘haybasket’ (Owen et al., 2002), sharing 
cooking with other households, douse fire 
immediately after finishing cooking 
(Owen, 2000) 
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Table 16 Main stove types found in camp in 2003 and their efficiencies 
Stove type Fuel type Efficiency in delivering energy to food  
Open fire / three stone / three leg wood 15% [48] 
Standard bucket charcoal 
18.7% - measured efficiency as opposed to stated 25% 
efficiency [271] 
Improved bucket charcoal 
23.3% - measured efficiency as opposed to stated 30% 
efficiency [271] 
 
Although both standard and improved charcoal fuelled bucket stoves show large improvements 
on open wood fired cooking solutions, TBC’s eleven year effort to the improve camp cook stove 
stock
89
 effectively ended with the purchase and provision of 15,700 stoves in 2012 [238] and a 
decision not to resupply stoves in 2013. An academic survey of camp cooking stock published in 
2013 reflects the general success of that endeavour in finding that 99% of the 205 households 
surveyed used bucket stoves for cooking, although 32% also reported the additional use of three 
stone or leg stoves [260]. TBC cooking solution activities have not extended beyond provision of 
a charcoal briquette cooking energy ration since 2012. However, various external and internal 
assessments since that time and prior have advocated for consideration of camp cooking system 
changes.  
Potential charcoal cooking solution changes mentioned in assessments include adding chimney’s 
to stoves [268, 277]; improving stove safety through use of concrete bricks in cooking setups
90
 
[278]; changing stove placement and altering kitchen layout; stacking charcoal briquettes 
differently [260, 275]; and using lumpwood charcoal, eucalyptus charcoal, [270] sustainably 
harvested charcoal [279, 280] or waste briquettes [280]. In response, both waste briquettes [272] 
and lumpwood charcoal have seen limited use in TBC camps. Notably, while the benefits of gas 
cooking systems have also been mentioned by consultants [270, 279], expectations of resistance 
by Thai authorities [270, 272] has stood in the way of that fuel being officially considered by 
TBC.  
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 For further general information on cook stoves used in refugee situations, the reader should consult the UNHCR's 
2002, Cooking options in refugee situations: a handbook of experiences in energy conservation and alternative fuels 
which was authored by the consultant who carried out the 2000 and 2003 fuel consultancy and discusses improved 
and locally made cook stoves on pages 10 - 17. [48] 
90
 A recent fire assessment in camps found cooking and candle use as the two most frequent fire causes in camps 
[278]. 
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TBC has also been evaluating the recovery of charcoal damaged during transportation and 
handling through the use of ten manual charcoal briquette presses and one diesel press since 
2014 [273]. Such measures aim to address the fact that in 2013, TBC found that approximately 
25 Mt out of 11,688 Mt of charcoal arrived at TBC camp warehouses as dust or charcoal pieces 
[273]. One way refugees regain lost charcoal themselves is by mixing charcoal dust with a rice 
water binder and sun drying to make the ‘hand logs’ shown in Figure 34. 
 
Figure 34 Charcoal ‘hand logs’ made by refugees  
Despite challenges to the primary charcoal cooking solution found in camps, TBC has not 
deviated from full support of charcoal based cooking systems since 2009. On the issue, TBC’s 
2012 externally sourced environmental impact assessment (EIA) concludes that “[o]ther 
alternative energy sources could be considered but generally the disadvantages outweigh the 
advantages” [279]. A 2013 TBC presentation adds that alternative cooking options face Thai 
government policy opposition, are more expensive and are logistically challenged [272]. 
Following a 70 million THB budget shortfall and staff downsizing in 2015, TBC’s support for 
camp cooking interventions became even more limited. In September 2015, TBC initiated an 
across the board 5kg per household ration cut. Under the new cooking fuel ration system, the 
first member of each household in a camp is provided with 15 kg of fuel instead of 20 kg. The 
5kg each additional member receives remains unchanged. TBC continues to explore charcoal 
dust to briquette production opportunities, charcoal conservation awareness raising among both 
end users and staff, and alternative energy pilot plans [214]. 
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5.6 Results 
 Cooking practices employed in the targeted camps 5.6.1
The following findings focus on cooking in the camps and do not summarize responses to 
questions on human welfare
91
, energy use before coming to camp, or expected energy use after 
camp. Findings also exclude consideration of all non-cooking energy use in camps with the 
exception of boiling water. Water boiling for drinking is included due to its direct inclusion in 
the wording of TBC’s 2004 minimum cooking energy requirement, which specified the amount 
of energy “adequate for the refugees to cook their ration food and boil water” [269]. 
5.6.1.1 Nu Po findings 
The following section summarizes the results from eight individual household and three group 
interviews held in Nu Po camp in early May 2015. General descriptions of cooking systems and 
practices in Nu Po camp include interviewee reports that: 
 Camp residents boil water for drinking and cook rice and food using a variety of fuels. 
Evidence of reliable year round supply chains exist for charcoal (TBC sourced), firewood 
(self-collected and camp market), and gas (Thai market suppliers). Residents also 
reported cooking with old building materials when needed and available. In general, as 
CMT standing improves, so does the diversity of fuels in evidence in use in a household 
– including the notable presence of gas cook stoves for “emergency” use in STD and SR 
households, and reports of occasional electric rice cooker use in SR households. 
 TBC provided charcoal was reported by households in all CMT categories to be the main 
cooking fuel. All interviewees reported that the monthly charcoal ration is insufficient for 
current resident uses. Monthly charcoal is supplemented mainly through resident use of 
self-collected small branches, old bamboo, charcoal dust, and old housing materials. 
Interviewees reported that market purchased charcoal, gas, firewood and electricity also 
meet some demand.  
o Example household: A STD household of ten people that reports no firewood use 
but some gas and old building material use, regularly purchases four additional 
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 Please see scope and limitations section for brief explanation why interviewee responses to questions related to a 
central thesis theme have not been included in this chapter. 
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bags of (TBC) charcoal a month at 80 THB/bag. The house leader’s job working 
for an Ngo in camp supplies money for charcoal purchases. This and other 
households identified cash needy families choosing to replace their monthly 
charcoal ration with self-collected firewood as the central source of the secondary 
TBC charcoal market in camp.  
 Interviewees reported that as long as they collected only small branches and old bamboo, 
they had no problem with Thai forest rangers. However, most reported that they still felt 
insecure leaving camp and did not like to run into rangers. When interviewees reported 
collecting firewood, they generally spent one to four hours during each collection trip. 
Money to purchase items like a new cook stove – the average reported life of a basic 100-
150 THB stove in camp was five to six months – came from work both inside and outside 
camp. For jobs taken outside of camp, residents taking the jobs (mostly V and MV) 
reported feelings of insecurity and worries about the possibility of arrest. 
 When health issues were discussed, firewood and old building materials were reported to 
cause the most health problems. 
 Interviewees responded positively to questions on improved stove making and charcoal 
press trainings. 
 In the past, people from camp made their own charcoal, but those people resettled and it 
is also now more difficult to make local charcoal. People also better understand Thai 
government regulations on the matter. Getting non-TBC charcoal from outside camp 
depends on your connections. The camp’s natural resources management collaborative 
committee cannot control people. Cutting charcoal to camp will cause more problems for 
people. A forest ranger once showed the natural resources management committee a 
stove that used leaves and corn cobs.  
During household interviews, after permission was given, the researcher made a kitchen 
observation that was documented with a photo.  Figure 35 below provides a look at each of the 
eight kitchens observed in Nu Po. 
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Figure 35 Kitchen observations from Nu Po camp  
Figure 35 shows kitchens in Nu Po camp households using a variety of bucket and gas stoves 
supplied by a variety of fuels. Observation one shows a pot resting on top of a bucket stove 
which has been placed inside of a modified old food/oil tin. When asked about this arrangement, 
interviewees said the tin provided needed structure when bucket stoves started to fall apart – 
allowing them to be used for a longer period of time. Observation two shows a rather beat up 
bucket stove. Observations three and five show gas stove adapters on top of 4 kg gas cylinders, 
and bucket stoves built on a cement platform. Observations four and six show bucket stoves, free 
standing gas stoves, and 15 kg gas cylinders. Observation seven shows a bucket stove along with 
a bag of TBC charcoal and a stack of newly cut firewood. Observation eight shows a bucket 
stove on a cement platform being used to heat an uncovered pot. 
5.6.1.2 Mae La findings 
The following section summarizes the results from nine household and three group interviews 
held in Mae La camp in mid-May 2015 along with three technical camp system expert interviews 
in early June.  In general, descriptions of cooking systems and practices from Tham Hin apply to 
Mae La. However, areas of difference include findings that: 
 TBC provided charcoal was reported by most, but not all participants to be the main 
household cooking fuel. As in Nu Po, all interviewees reported that the monthly charcoal 
ration does not fully meet residential cooking needs. Participants mentioned charcoal 
borrowing from friends and family as a coping strategy. The secondary charcoal market 
1 2
  1 
3
  1 
4 
5 6 7 8 
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price most reported by Mae La participants was 100 THB/bag. Three “tins” worth of non-
TBC charcoal is reported to sell for the price of 150 THB. 
o Example household: A MV household of six people reported charcoal borrowing 
as their main fuel coping strategy. The participant described a monthly charcoal 
debt cycle whereby, following the monthly distribution, they often have to give 
away more than half of their new charcoal ration. The same family also reported 
the one-time sale of a bag of charcoal for 100 THB in order to purchase food for 
the children in the family. The family does not report leaving camp to collect 
firewood, but does use old housing materials for cooking when available. The 
family traded four bottles of TBC rationed cooking oil to “buy” their last stove. 
 Participants from Mae La were much more reluctant to discuss the personal collection of 
dry wood and small building materials outside of camp boundaries. However, when 
talking in a less personal frame, participants indicated that self-collection outside of camp 
boundaries remains a common coping strategy to supplement the TBC charcoal ration. 
When discussed, participants reported that they had less issues with Thai authorities 
when only dry wood and small branches were collected.  
 Neither STD house visited had a gas stove, but both self-reliant households did. One of 
the three cooking gas bottle exchange services in camp reported a daily average of two to 
eight cylinder exchanges – covering both food shop and household sectors. The same 
exchange point estimated that the Thai bottle exchange located just outside of camp 
boundaries exchanged a greater amount of gas bottles a day. During the follow-up visit in 
June, this was unable to be verified. In fact, when asked, the shop attendant who seemed 
wary of questions (the provincial governor had just visited the camp) said that it sold the 
same amount of cylinders a day as the shop inside camp.  
 Due to the presence of metered electricity in camp, more participants reported either 
cooking rice with electricity and/or seeing other people use electric rice cookers. This is 
despite the fact that the cost is reportedly nearing 10,000 THB for a new connection, and 
after installation, electricity costs 15 THB per unit (1 kWh). This rate is roughly double 
that of the Thai Provincial Electricity Authority rate outside of camp. One group 
interview participant with chronic asthma reported the monthly sale of her charcoal ration 
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to support healthier gas and electric cooking methods. A steady job working for an NGO 
in camp allows her to fund the cooking fuel price increase. 
 When asked, interviewees were interested in improved stove making. 
 Camp water systems:  
o Mae La’s water system is designed to provide 30,000,000 litres or water per 
month to over 40,000 refugees. This averages to about 23 litres of potable
92
 water 
per day per refugee.  
o When asked by the camp Water, Sanitation and Hygiene (WASH) provider in 
May/June 2014, 82% of respondents said they boiled their drinking water; in 
May/June 2013, 83.4% said they boiled their drinking water.  
o The WASH provider noted that one downside of water boiling is that it removes 
the residual benefits of chlorinated water against further contamination.  
o The camp WASH provider does not want to discourage water boiling for drinking 
in Mae La because it remains a safe practice for refugees and displaced people 
when not living in camp. 
 Stove making projects in camps (now discontinued):  
o When introduced in camps, stove making was very popular. However starting in 
2005, the activity started to see decreasing interest. The interviewee saw a lack of 
interest in stove making driven by the changing interests of young people as 
computers and motorbike trainings started to become available; the hard work and 
general dirtiness involved in stove making which included going deep into forest 
to get appropriate clay; and the availability and affordability of cheap and 
appropriate Thai or Myanmar made stoves in camp markets.  
o Stove production decreased over time due to the resettlement of key staff with 
stove making knowledge, a slowdown in the time it took to make stoves due to 
staff resettlement, and a decrease in orders from TBC, its biggest purchaser.  
o Camp stove production ended due to the reasons given above and the inability of 
the NGO running the project to acquire education certificates for participants 
from colleges in Thailand or Myanmar.  
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 Safe to drink 
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o However, the interviewee still saw stove making as a good skill for refugees 
returning home and favoured locally designed models over models introduced by 
foreigners, which were not deemed appropriate for local cooking styles.  
o A locally made stove should last 1-2 years. In order to last that long it needs to be 
cared for and maintained, with instructions on care and maintenance being given 
to purchaser by stove seller; and the stove needs to be of high quality – which 
means that it was dried properly and clad in zinc.  
o The interviewee observed that over time the TBC charcoal ration is not enough to 
meet refugee needs and that local coping strategies include collecting wood and 
making money to purchase charcoal or gas.  
o The interviewee observed that before the food ration was reduced, some needy 
people could sell a portion of the food ration to buy needed charcoal.  
During household interviews, after permission was given, the researcher made a kitchen 
observation that was documented with a photo.  Figure 36 below provides a look at eight of nine 
kitchens observed in Mae La.  
 
Figure 36 Kitchen observations from Mae La camp  
Figure 36 shows kitchens in Mae La camp households using a variety of three stone, bucket and 
gas stoves supplied by a variety of fuels. Observation one shows a dirt platform containing three 
stone stove. A bucket stove sits to the back left of the photo. Observation two shows a bucket 
stove, basket of charcoal and a bag of TBC charcoal. Observation three shows a metal clad 
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5 6 7 8 
157 
 
bucket stove sitting next to a charcoal bin. Observation four shows an old bucket stove (second 
hand from a neighbour) being held in place by an adapted tin container. Not shown in the picture 
is the three stone stove under the house being used to cook a pig at the time of the interview. 
Observation five shows a bucket stove on a dirt platform, a free standing gas stove and a 15 kg 
gas cylinder. Observations six shows a bucket stove and three stone stove. Observation seven 
shows a bucket stove on a dirt platform. Observation eight shows a freestanding gas stove and a 
15 kg gas cylinder – which represented the only cooking solution in this household. 
5.6.1.3 Tham Hin findings 
The following section summarizes the results from eight household and three group interviews 
held in Tham Hin camp at the end of May 2015. In general, descriptions of cooking systems and 
practices from Nu Po and Mae La also apply to Tham Hin. However, areas of difference include 
findings that:  
 No participants reported cooking with electricity. As in Nu Po, TBC provided charcoal 
was reported by all participants to be the main household cooking fuel. As in both Nu Po 
and Mae La, all interviewees reported the need to supplement the monthly charcoal ration 
with other cooking fuels such as firewood collected from outside camp, old building 
materials, and cooking gas. 
 While some participants reported that secondary charcoal market exists in Tham Hin and 
that the normal price per 20kg bag was 100 THB, this was much less discussed than in 
other camps. Participants reporting on the secondary charcoal market generally agreed 
that most of the people selling charcoal needed money to purchase food commodities 
such as fish paste, salt, vegetables, fish, chilies, and children’s snacks. One participant 
has never sold charcoal, but does sell a portion of the TBC rice ration in order to buy 
vegetables. 
 The most reported price to exchange a small bottle of gas in the Thai village next to camp 
was 150 THB for a 4 kg bottle. This is 20 THB cheaper than Mae La and much cheaper 
than the reported exchange price for a small bottle of cooking gas in Nu Po. Most 
participants familiar with cooking gas in Tham Hin saw it as a more attractive option than 
a 20 kg bag of charcoal – mostly quoting fire safety concerns and ease of use. 
Participants in a group interview estimated that there were at least 300 cooking gas 
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bottles in Tham Hin, a camp that according to TBC data had 1,272 households in January 
2015.  
 Tham Hin participants reported cookstove making experience more often than in other 
camps. The traditional cook stove design reportedly used in the nearby Tanintharyi 
region of Myanmar was a self-made combination mud and steel stove. The stove was 
widely seen as better than camp cook stoves because it was self-made and could burn 
larger pieces of firewood.  
 Surprisingly for a camp with seemingly tight restrictions and no official or unofficial 
paths for leaving camp, few individual participants expressed anxiety related to Thai 
police or surrounding villagers when conducting coping strategies outside of camp. 
Reported participant cooking and livelihood coping strategies occurring outside of camp 
varied greatly.  
During household interviews, after permission was given, the researcher made a kitchen 
observation that was documented with a photo. Figure 37 below provides a look at each of the 
eight kitchens observed in Tham Hin. 
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Figure 37 Kitchen observations from Tham Hin camp  
Figure 37 shows a variety of bucket and gas stoves supplied by a variety of fuels in use in in 
Tham Hin household kitchens. Observation one shows a bucket stove. Observation two shows a 
bucket stove sitting on a raised platform and a stack of firewood. Observation three shows a 
bucket stove on a dirt platform and with a piece of metal protecting the wall behind the stove 
from heat. Observations four, five and seven all show a 4 kg gas cylinder with a stove attachment 
on top as well as multiple bucket stoves. Observation four additionally shows a freestanding gas 
stove and a 15 kg gas cylinder. Observation six shows two large bucket stoves and observation 
eight shows a bucket stove along with a supply of bamboo kindling.  
5.6.1.4 Overall household cooking solution findings 
All interviewees reported that they regularly consume more energy for cooking – and boiling 
drinking water – than was available in TBC’s June 2015 cooking fuel ration. However, only one 
interviewee (household observation 8 in Mae La) reported that a TBC fuelled charcoal cooking 
solution was not the household’s primary cooking solution. Households reported engaging in a 
diversity of cooking coping strategies to deal with the shortfall between the TBC supplied 
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charcoal ration and household energy needs. Table 17 lists coping strategies along with the CMT 
household categories in which the strategies were observed or reported.  
Table 17 Cooking coping strategies with the CMT household categories in which they were observed and reported 
Coping strategy Source of strategy CMT categories using 
Electricity Hydro, solar, and Thai grid SR 
Purchased fuelwood Ordered from outside camp SR 
Cooking gas Thai market SR, STD - (100% SR, 50% STD) 
Charcoal purchase TBC secondary market, locally 
produced or ordered 
SR, STD 
Self-collected fuelwood including 
bamboo and old building materials 
In and around camp STD, V, MV 
Charcoal borrowing Friends and family in camp V, MV 
Cook less (once a day instead of twice) individual V, MV 
 
Table 17 shows that in general, as CMT standing moves from MV to SR, so does a household’s 
ability to make up energy shortfalls by purchasing needed fuels, including gas cooking solutions. 
A slight oddity from the list may be noted in that no interviewed STD households reported 
purchasing fuelwood, while many reported purchasing charcoal. This is due to the fact that TBC 
charcoal re-sells in camps for about half the market price TBC pays for it, while firewood 
receives no such subsidy. 
 Causal loop mapping of camp cooking systems 5.6.2
A causal loop diagram was drawn to aid visualization and communication of current camp 
cooking system variables and to identify potential intervention points. Mapping drew on 
interviews, observations and appropriate TBC documentation in order to inform connections and 
relationships between variables. Figure 38 presents a causal loop diagram representing the 
researcher’s interpretation of data collected from targeted stakeholders.93 Variables highlighted 
in red indicate important camp cooking system interactions arising from research.   
                                                 
93
 The ability of Figure 38 to fully reflect the camp cooking situation from the point of view of all stakeholders is 
hindered by lack of active formative collaboration and final ground truthing with TBC staff and participants. 
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Figure 38 Causal loop diagram of camp cooking systems with explanatory legend. Variables highlighted in red indicate important camp cooking system interactions 
arising from research. Potential system intervention points are highlighted in pink.
Energy from self-collected old
building materials & locally
managed forest fuel products
Tension with local
communities and Thai
authorities
Actual people living &
eating in camps
Refugee restrictions
in Thailand
Peacebuilding in
Burma/Myanmar
O
S
Total household
cooking energy required
Total food requiring
cooking in camps
S
Actual cooking
energy from ration
Energy from self collected
forest products - unmanaged
Donor budget cuts for
displaced people from
Burma
S
S
O
TBC Community-driven natural
resource management program
effectiveness
Enviornmental
degredation and resource
conflict
S
S
TBC food rations
requiring cooking
S
TBC supported food
coping strategies
S
O Respiratory health
benefits to refugees
Ability to enforce
charcoal heating value
standards
Other food coping strategies
(Ex. work in/out camp - live
in camp)
O
S
Energy required from
coping strategies
Energy from gas and
electricity
S
S
S
S
O
O
Adoption of improved
charcoal cooking technology
and practices
S
Efforts to make WASH
drinking water systems more
efficienct and effective
S
S
TBC cooking
enrgy ration
S
Monthly shortfall between
energy required and energy
available from ration
S
O
S
Total drinking water
required
S
S
Support for improved
cooking enrgy access
S
S
S
Sale of TBC energy
ration to purchase food
O
S
S
O
Energy from TBC
charcoal purchase
S
O
Energy from
borrowed charcoal
S
O
Energy lost in
charcoal repayment
S
S
TBC Budget
O
S
S
S
S
Total global
refugees
S
WASH budget
S
S
S
O
Non-cooking use of
TBC cooking ration
S
S
162 
 
Due to the many variables, scales and foci included in the diagram, only the areas of Figure 38 of 
central importance to the discussion will be dealt with here.
94
 Important camp cooking system 
variables highlighted in red include:  
 The TBC cooking energy ration – which is currently 100% charcoal briquettes;  
 The actual energy available from the ration, which depends on  
o the quality of the charcoal, which is determined by the ability of TBC to enforce 
charcoal heating value standards, 
o the technology in which the charcoal is used to cook food, which is influenced by 
the adoption of improved charcoal cooking technologies and the practices used 
when cooking food; 
 The monthly shortfall between energy required and energy available from the ration, 
which depends on  
o the energy available from the ration (above) 
o the total household cooking energy required 
o and the non-cooking use of the TBC cooking ration (which here includes boiling 
drinking water); and 
 The energy required from cooking coping strategies, which depends on 
o the size of the monthly cooking energy shortfall (above). 
As might be surmised from Figure 38 and interviews, any reduction in the TBC cooking energy 
ration will likely increase the monthly cooking energy shortfall. Unless a households need to 
cook food or use the TBC ration for other purposes (such as to boil drinking water) is reduced, 
an increased energy shortfall will lead to the need for a household to select one or more of the 
coping strategies available in Thai/Myanmar border camps to deal with that shortfall.  
Figure 38 highlights two areas for potential system intervention in pink. A first pink highlighted 
area in the bottom left of Figure 38 highlights the interaction between drinking water supplied by 
the camp WASH provider (who is not TBC) and the TBC cooking fuel ration. WASH practices 
                                                 
94
 For those looking for a start at understanding Figure 38, Appendix 5-D lists steps taking one through a selected 
causal loop in the diagram. Note that a system dynamics approach taken further would look for balancing and 
reinforcing loops and combine the relationships in Figure 38 with quantitative data over time to create a dynamic 
system model. Such a model, if designed collaboratively with stakeholders, has the potential to further aid camp 
cooking system decisions. This is outside the scope of the study. 
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in camp impact on household cooking energy availability in camp. A second pink highlighted 
area at the top right of Figure 38 highlights the interaction between improved cooking energy 
access for refugees and potential increases in the TBC cooking energy ration. TBC’s ability to 
support access to improved cooking energy systems in camp has a direct impact on the amount 
of energy available from the TBC cooking energy ration. Both of these areas will be discussed in 
depth in the next section. 
5.7 Discussion 
The drivers behind the primacy of charcoal fuelled cooking solutions in Thai/Myanmar border 
refugee households have changed little since its widespread introduction in all camps. TBC 
continues to supply a charcoal cooking ration to a displaced and largely impoverished population 
living in extremely circumscribed circumstances in a foreign country that does not want them. 
However, a 2011 decrease in TBC’s ability to source high quality charcoal and an increase in gas 
cooking solutions in and around refugee camps, appears to have provided support for the 
diversification of cooking solutions and coping strategies reported and observed in camp 
households. The September 2015 ration cut is expected to intensify the need for cooking solution 
diversification, leading to both increased use of market and modern cooking solutions for those 
that can afford them, and to greater personal collection of solid fuels for those that cannot.  
The following discussion deals with a few of the more important findings that arose from TBC 
hosted research and that create a basis from which to discuss improvements to refugee cooking 
solutions in camps and on eventual return to Myanmar. 
 Coping strategies for dealing with cooking fuel shortages differ with CMT 5.7.1
category 
Although there were signs that multiple stoves and fuels were used in houses from every CMT 
category (such behaviour is called stove “stacking” [281]), coping strategies for dealing with 
cooking fuel shortages differed with CMT category. Figure 39 shows stove “stacking” examples 
from households in Nu Po, Tham Hin and Mae La camps. 
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Figure 39 Stove “stacking” examples from a SR household in Tham Hin (left) and a MV household in Mae La.  
The picture on the left in Figure 39 shows the gas/charcoal stove “stacking” found in STD and 
SR camp households, while the picture on the right shows charcoal/firewood stove “stacking” as 
often found in V and MV households. As demonstrated previously in Table 17, research finds 
that as CMT standing moves from MV to SR, so does a household’s ability to make up energy 
shortfalls by purchasing needed fuels. While purchasing cooking energy in camp may be at odds 
with Thai government, camp or NGO policies, it appears to be a lower risk coping strategy than 
the coping strategies practiced by more vulnerable households that involve leaving the 
protections offered by camp in order to collect cooking fuels.  
Households that can purchase and use a gas cooking solution instead of charcoal or other solid 
fuel cooking solutions derive additional benefit from reduced household air pollution (HAP), 
which the WHO [21] estimates resulted in 4.3 million deaths globally in 2012 and the Moving 
Energy Initiative estimates leads to 20,000 refugee deaths each year [1]. A Thai/Myanmar border 
refugee camp study found further that children under the age of five living in households 
exclusively using charcoal briquettes for cooking, had better respiratory health than households 
using bamboo and firewood [260]. Households able to purchase secondary market TBC charcoal 
and avoid use of self-collected firewood and bamboo see human welfare benefits in the form of 
better respiratory health.  
Improved human welfare, through greater personal security and less exposure to HAP can be 
purchased, at least temporarily, by better off households (with income from work)
95
 in 
Thai/Myanmar border refugee camps.  
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 Anecdotal conversations also indicate that remittances from resettled relatives also allow market purchases. 
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 Ration capacity to meet cooking energy needs and boil drinking water 5.7.2
As all households interviewed reported that the TBC charcoal ration was of insufficient capacity 
to meet household cooking energy needs, it is worth taking a closer look at energy requirements 
of basic cooking needs. Before estimating energy needs, a decision on an important ambiguity in 
TBC and energy consultant literature needs to be addressed. Since 2004, TBC has worked off an 
energy consultant recommendation that the cooking energy ration be “adequate for the refugees 
to cook their ration food and boil water” [269]. While the statement is ambiguous on whether or 
not the TBC ration is intended to be used to boil drinking water, it is worth exploring whether the 
ration can support both cooking food and boiling drinking water. 
This is an important point to explore because in an interview with a camp water expert, the 
expert reported that despite pre-treatment that makes all water supplied by the camp WASH 
provider potable, 82% of Mae La camp residents surveyed in May/June of 2014 said that they 
boiled their water to make it drinkable.
96
 As boiling water is widespread in the largest refugee 
camp on the border and the WASH provider does not supply energy to households for that 
purpose, it is reasonable to suggest that TBC cooking fuel is being used to boil drinking water. 
First this study will discuss whether the current charcoal ration is of adequate capacity to cook 
enough TBC supplied rice to meet the minimum standard of 2,100 kilocalories a day set by the 
Sphere project [282]. Equation 13 and Table 18 are used in order to estimate the amount of TBC 
charcoal needed per month to meet the Sphere Project adult minimum daily kilocalorie standard 
using an average efficiency Thai bucket stove and TBC supplied rice. Our estimation assumes 
that well measured rice and water are brought to a boil and then simmered for 15 minutes in an 
uncovered pot,
97
 and that no charcoal is wasted after boiling
98
. 
 
                                                 
96
 An anecdotal reason for boiling drinking water given by refugees and people working in camp is to get rid of the 
taste of the chlorine in the water. 
97
 There are some differences between Thai/Myanmar camp systems in practice and the assumptions used by Butler 
to determine useful energy required for cooking tasks. For instance, Butler uses stainless steel pots, rather than the 
more common aluminium pots used in Thai/Myanmar camps. As well, he assumes a surrounding environmental 
temperature of 25C, a constant and controller simmer at just below the boiling point, and little evaporated water. 
Such differences, especially ones that involve actual cooking practices, may make a significant difference between 
estimated fuel used and actual fuel used, but further field research would be needed to determine the range of 
difference experienced by households. 
98
 This assumption also needs revisiting as charcoal briquettes using a water soluble binder generally dissolve when 
doused with water, making it hard to fine tune charcoal use in camps. 
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Equation 13 Equation used to estimate the amount of TBC charcoal needed per month (30 days) to meet the Sphere 
Project adult minimum daily kilocalorie standard using an average efficiency Thai bucket stove and TBC supplied rice  
𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 (𝑘𝑔) =
( 𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑜 𝑐𝑜𝑜𝑘 𝑟𝑖𝑐𝑒 (
𝑀𝐽
𝑘𝑔) ∗ 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑇𝐵𝐶 𝑟𝑖𝑐𝑒 
(𝑘𝑔) )
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) ∗ ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙(
𝑀𝐽
𝑘𝑔)
 
Table 18 Variables used to estimate the amount of TBC charcoal required to cook rice 
Variable Calculation and value Source 
Useful energy bring rice to a boil and then 
simmer 15 minutes (MJ / kg of rice) 
1.575 MJ / kg rice Butler [283] (see  
Appendix 5-E) 
Monthly TBC rice requirement to meet 
minimum daily kcal standard (kg) 
13.5 kg Sphere [282], TBC 
[213] 
Useful energy to bring water to a boil (MJ / 
kg of water
99
) 
0.375 MJ / kg Butler [283] (see  
Appendix 5-E) 
Monthly water requirement to meet Sphere  
survival drinking water need (litres) 
75 litres Sphere [282] 
Average Thai bucket stove efficiency (%) 18.7 %  Owen [271] 
Charcoal briquette heating value (MJ / kg) 22 MJ / kg  TBC [238] 
Annual amount of TBC charcoal for a 
household of five adults 
420 kg = 35 kg * 12 
months Month 30 days  
 
Insertion of the data from Table 18 in Equation 13 results in a requirement of 5.2 kg of TBC 
charcoal a month per person in order to cook 2100 kilocalories of TBC rice each day for 30 days. 
In a five adult refugee household, this represents approximately 74% of each resident’s 7 kg 
monthly fuel ration. If nothing else was changed and the number of residents in that household 
was increased to ten – which would decrease each resident’s monthly fuel ration to 6kg of 
charcoal briquettes – then residents would still have 14% of their fuel ration left every month 
after cooking the required rice.  
Equation 14 and Table 18 are used to estimate the amount of water that can be boiled using 
leftover TBC charcoal in a five (7 – 5.2 = 1.8 kg) and ten adult (6 – 5.2 = 0.8 kg) refugee 
household. This estimation assumes that well measured water is brought to a boil in an 
uncovered pot, and no charcoal is wasted after boiling. 
                                                 
99
 An approximate equivalency of 1000 kg / m
3
 = 1 kg / 1 litre is used in this estimation. 
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Equation 14 Equation used to estimate the amount of water that can be boiled using leftover TBC charcoal in both five 
and ten person households  
𝐵𝑜𝑖𝑙𝑒𝑑 𝑑𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 (𝑙𝑖𝑡𝑟𝑒𝑠)  
=
( 𝑙𝑒𝑓𝑡𝑜𝑣𝑒𝑟 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 (𝑘𝑔) ∗  𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 ∗ ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 )
𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑜 𝑏𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 (
𝑀𝐽
𝑙𝑖𝑡𝑟𝑒)
 
We estimate that each person in a five person household can boil 20 litres of water with 1.8 kg of 
leftover TBC charcoal, and each person in a ten person household can boil nine litres using 0.8 
kg of leftover TBC charcoal. The question then arises as to how much TBC charcoal would be 
needed to boil the Sphere Project adult minimum basic survival water need of 2.5 litres per 
person a day [282], using an average efficiency Thai bucket stove and supplied camp drinking 
water. Equation 15 and Table 18 are used to make that estimation. This estimation assumes that 
well measured water is brought to a boil in an uncovered pot, and no charcoal is wasted after 
boiling. 
Equation 15 Equation used to estimate how much TBC charcoal would be needed to boil the Sphere Project adult 
minimum basic survival water need of 2.5 litres per person a day [282], using an average efficiency Thai bucket stove and 
supplied camp drinking water  
𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 (𝑘𝑔)
=
( 𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡𝑜 𝑏𝑜𝑖𝑙 𝑤𝑎𝑡𝑒𝑟 (
𝑀𝐽
𝑙𝑖𝑡𝑟𝑒) ∗ 𝑚𝑜𝑛𝑡ℎ𝑙𝑦 𝑑𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 (𝑙𝑖𝑡𝑟𝑒𝑠) )
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) ∗ ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙(
𝑀𝐽
𝑘𝑔)
 
Using TBC charcoal to boil 75 litres of drinking water a month using an average camp charcoal 
cooking solution requires 6.8 kg of charcoal per person per month. If residents use TBC charcoal 
to both cook rice and boil water, then an adult refugee meeting Sphere minimum kcal and water 
standards using TBC rice will require 12 kg of charcoal each month.
100
 This amount of charcoal 
is not far off the 12.9 kg that is arrived at after adapting Practical Action’s [284] minimum fuel 
supply standard for local TBC charcoal and stove characteristics.
101
 
This analysis finds that if the TBC cooking energy ration is meant to extend beyond the cooking 
of only basic needs rice to complementary foods, then the boiling of water competes with the 
cooking energy required by households. Only a household of one adult member, which received 
                                                 
100
 In a household of five adults, an additional 25 kg of TBC charcoal briquettes would be needed each month. 
101
 Practical Action’s recommendation of 0.3 kg of charcoal a day per person is assumed to be based on a charcoal 
heating value of 28 MJ/kg and a stove 40% more fuel efficient than a (15% efficient) three stone fire. 
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15 kg of charcoal in September 2015, has the 12 kg of charcoal a month needed to cook enough 
rice to meet the minimum kilocalorie standard and boil enough water to meet the Sphere Project 
minimum drinking water standard.
102
 That household also has an additional 3kg of charcoal with 
which to cook complementary foods.  
This analysis also highlights the fact that the use of higher heating value charcoal and higher 
efficiency cook stoves in camps can reduce the amount of charcoal needed to meet basic needs 
cooking and water boiling. For example, if the charcoal heating value remained the same, but all 
camp charcoal cooking stoves could be upgraded to the least efficient charcoal burning improved 
cooking stove (ICS) covered by Vianello [53] (25% thermal efficiency), then only 9 kg of 
charcoal briquettes are required.
103
 If the highest thermal efficiency (37.1%) of the basic charcoal 
ICS stoves covered by Vianello, could be achieved by camp residents, then only 6kg of TBC 
charcoal would be needed.
104
 
 Placing camp cooking solutions in a global cooking energy access discussion 5.7.3
It is worth a brief detour to quickly place the primary Thai/Myanmar border camp cooking 
solution within the cooking energy access framework developed through the SE4ALL initiative 
[263]. This framework has been used by Vianello [53] and Lahn and Grafham [46] to discuss 
cooking energy in the context of refugees and other displaced peoples. Although the 2014 
working  version of the framework [285] used by Lahn and Grafham, openly includes important 
aspects of refugee cooking solutions that are not found in the most recent version (such as 
legality and capacity to meet cooking energy needs), this study follows Vianello and discuses 
Thai/Myanmar border camp cooking solutions using the current version, which is presented in a 
simplified format in Table 19. Although absent from the framework, capacity to meet cooking 
needs has already been dealt with in this discussion. Where possible, an average charcoal fuelled 
camp cooking solution’s placement in the framework is indicated in Table 19 using yellow 
highlighting. Placement is discussed in sub-sections following the table. 
                                                 
102
 This study chose the lower bound of the 2.5 – 3 litre Sphere Project range. The analysis also ignores water intake 
through food consumed, which might further lower the amount of drinking water needing to be boiled. 
103
 Assumes that users can achieve the rated efficiency as well. 
104
 Stove costs reported by Vianello [53] are $5.6 USD for the 37.1% efficient stove and $11.91 USD for the 25% 
efficient one. More research is needed to determine why the more efficient stove is cheaper, but a closer look at the 
Table (p 40) where cost information is found suggests that the more efficient stove is the product of a local Rwandan 
collaboration and may reflect the local price for a locally produced cook stove, whereas the less efficient stove may 
reflect the market price for an internationally sold product.  
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Table 19 Simplified “Multi-level Matrix for Access to Cooking Solutions” [modified from 53, 263] Placement of standard 
charcoal camp cooking solution is shown using yellow highlighting 
Attributes of household cooking 
solution  
Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 
Indoor air 
quality 
PM 2.5 (ug/m3) 
 
“To be specified by a competent agency such as 
WHO based on health risks” 
< 35 (WHO, IT -
1) 
< 10 
(WHO) 
CO (mg/m3) < 7 (WHO) < 7 (WHO) 
Efficiency IWA tiers [see 
Appendix B in 
53]105 
 
Tier 0 Tier 1  Tier 2  Tier 3 Tier 4 
Convenience 
Stove preparation 
time (min/meal) 
 
< 7 < 3 < 1.5 < 0.5 
Fuel acquisition and 
preparation time 
(hours/week) 
 
< 15 < 10 < 5 < 2 
Safety 
IWA safety tiers  ISO Tier 2 ISO Tier 3 ISO Tier 4 
or past accidents 
(burns or un-
intended fires) 
 “No accidents over the past year 
that required professional medical 
attention” 
Affordability 
Levelized cost of 
cooking solution 
(LCOCS) 
 < 5% of household income 
Quality of 
Primary 
Fuel 
Variations in heat 
rate that affect 
cooking ease 
 No major effect 
Availability 
of Primary 
Fuel 
Primary fuel readily 
available 
 for at least 80% of 
year 
throughout 
the year 
* “CO = carbon monoxide; ISO = International Organization for Standardization; IWA = International Workshop Agreement on Cookstoves; PM 
= particulate matter” [1]  
The cooking energy access framework presented in Table 19 lists indoor air quality (also known 
as HAP); efficiency; convenience; safety; affordability; quality of primary fuel; and availability 
of primary fuel as cooking solution attributes. In settings such as the Thai/Myanmar border 
refugee camps, legality also needs to be considered under the framework. Legality is discussed 
briefly following coverage of all other attributes. As research scoping did not originally include 
placing the cooking solutions within the framework, best estimates based on literature and 
observations are made for some attributes. 
                                                 
105
 Also see Still et al. [386] for more on cookstoves and ISO/IWA performance tiers.  
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5.7.3.1 Indoor Air Quality (IAQ) 
The framework considers the carbon monoxide (CO) and particulate matter (PM2.5) emissions of 
a cooking solution [114]. A relevant regional study found that a Thai-style bucket cookstove of 
16.2% average efficiency emits 35.7g CO per kg of charcoal fuel burned [286].
106
 However, that 
finding is not reported in a format (g/m
3
) allowing it to be placed it in the SE4ALL framework. 
Many studies from outside the region that report on either the CO or PM2.5 emissions of cooking 
solutions have the same issue and include Balakrishnan et al. [287], Naeher et al. [288], Siddiqui 
et al. [289], Still et al. [290], Jetter and Kariher [291] and Jetter et al. [292]. Unfortunately, 
Vianello’s [53] recent coverage of individual cook stove models does not extend to IAQ. 
One study that does report on the PM2.5 exposure levels of a charcoal cooking solution is Van 
Vliet et al. [293], who find mean PM2.5 exposure levels of 44.6 ug/m
3
 for the primary cook and 
65.2 ug/m
3
 for kitchen areas in Ghana households using charcoal as their primary fuel. Smith et 
al. [171] report the average indoor background CO concentrations of a charcoal briquette 
cooking solution used in a laboratory setting to be 19.5 mg/m
3
.
107
 If camp charcoal cooking 
solutions are assumed to have PM2.5 and CO emission exposure levels similar to Van Vliet et al. 
and Smith et al., then the IAQ of camp charcoal cooking solutions sit somewhere below level 3 
in the SE4ALL framework. Further research would be needed to place the cooking solution 
authoritatively in the matrix.  
It should be noted that a PM2.5 standard of less than 10 ug/m
3
 aligns with the World Health 
Organization’s [294] global guideline for PM2.5 emissions, which is based on studies robustly 
connecting long term PM2.5 exposure to mortality. If considering energy access from human 
welfare standpoint, an adequate primary cooking solution can only aim for IAQ attributes of the 
highest standard.   
5.7.3.2 Efficiency 
Vianello [53] shows various thresholds associated with the International Workshop Agreement 
on Cookstoves (IWA) tier system. Using the high-power thermal efficiency (%) thresholds for 
each tier, it is easy to conclude that an average camp charcoal fuelled bucket cook stove with an 
                                                 
106
 That study used charcoal with a moisture content of 4.95%, a volatile matter content of 20.67%, a fixed carbon 
content of 72.65%, and ash content of 1.73% and a heating value of 28 MJ/kg. 
107
 They report an average of 17 ppm which when converted to mg/m
3
 using the molecular mass of CO (28.01 
g/mole), returns 19.48 mg/m
3
. 
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efficiency of 18.7% sits within the 15% to 24.99% bracket specified for Tier 1 stoves. The only 
observed Thai/Myanmar camp cooking system that sits higher than Tier 1, are gas cooking 
systems which are assumed to be 55% efficient [270] and make possible a rating of up to Tier 4. 
In order to fully make that determination according to the IWA tiers found in Vianello, the low-
power specific fuel consumption (MJ/minute/litre) of gas cook stoves observed in camps would 
need to be measured as well. 
5.7.3.3 Convenience 
The framework suggests two cooking solution aspects that might be used to measure 
convenience: stove preparation time and fuel acquisition and preparation time. Stove preparation 
time thresholds are measured in minutes per meal, with less than half a minute preparation 
defining the highest category, and greater than seven minutes preparation time defining the 
lowest. Fuel acquisition and preparation time is measured in hours per week with less than two 
hours a week or eight hours a month defining the best category, and greater than 15 hours a week 
or 60 hours a month defining the worst. [263] Although data collected during this research does 
not allow for a quantitative determination of the convenience of the primary camp cooking 
solution, knowledge of TBC fuel distribution procedures and literature on charcoal cook stoves 
allows a few best estimates. 
TBC’s internal documentation calls for a camp ration distribution period of four days (for all 
goods, not just fuel) during which “Householders help to weigh the rations and then both staff 
and households sign their names in Ration Books” [295]. TBC would be hard pressed to 
distribute rations to all households in even the smallest camp, which had 551 households at the 
end of 2014 [273], in four days, if it moved at an eight hour per household pace. If refugees 
spend less than 8 hours acquiring and preparing the monthly TBC fuel ration – which seems 
highly likely – then a Tier 5 rating for camp charcoal solutions is possible. An estimate for the 
average amount of time a household spent making charcoal hand logs from dust would need to 
be included in that estimate. 
This study is unable to estimate stove preparation times from interviews, local literature and 
kitchen photos. However, the 12 to 30 minute differences between hot and cold start times in a 
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Booker et al. [296] study of charcoal fired cookstoves in Haiti
108
 suggests that the primary camp 
cooking solution has a longer stove preparation time than seven minutes. A seven minute stove 
preparation time would knock a charcoal cookstove’s convenience rating down from Tier 5 to 
Tier 1.   
5.7.3.4 Safety 
The framework offers two measures by which to determine a cooking solution’s safety level. The 
first measure references IWA safety tiers [297] derived from academic work on stove safety 
guidelines [298]. Undertaking such an assessment is a small research project in itself and beyond 
the scope of this more general study.
109
 The alternative measure provides a more accessible 
metric related to the number of “accidents over the past year that required professional medical 
attention” [114]. A recent camp fire needs consultancy identifies cooking as one of the two most 
common causes (candles was the other) of the 17 fires that occurred in Thai/Myanmar border 
refugee camps between 2013 and 2015 [278].
110
 The information provided in the consultant’s 
report suggests that the safety of charcoal cooking solutions could be improved and that a level 3 
or lower safety rating is reasonable. 
5.7.3.5 Affordability 
The SE4ALL framework measures affordability by comparing the levelized cost of the cooking 
solution (LCOCS) with a household’s income. In the context of refugee camps where some basic 
necessities are supplied and employment opportunities are extremely limited, affordability 
criteria must be modified to consider consumption expenditures rather than income.
111
 Similarly, 
as reported cookstove lifespans are generally less than a year, this study will estimate and discuss 
the annualized cost of the cooking solution (ACCS) rather than levelized cost. The refugee 
focused cooking system work of Vianello [53] also chooses to use ACCS
112
 rather than LCOCS. 
Equation 16 provides a general method for estimating ACCS [as surmised from 53]. 
                                                 
108
 A cold start water boiling test measures how long it takes to boil water using an unheated pot, unheated stove and 
room temperature water. A hot start water boiling test employs a heated pot, heated stove and room temperature 
water.  
109
 A summary of safety evaluation procedures can be found at http://www.pciaonline.org/files/Summarized-Safety-
Procedures.pdf or at http://cleancookstoves.org/binary-data/DOCUMENT/file/000/000/407-1.pdf. 
110
 The largest of those fires led to 38 deaths. 
111
 A recent UNDP survey of household living conditions in Myanmar also argued for a consumption expenditure 
metric in extremely impoverished situations [380]. 
112
 They choose to use the word system rather than solution to indicate a stove plus fuel combination. 
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Equation 16 Annualized cost of a cooking solution (ACCS)  
𝐴𝐶𝐶𝑆 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑠𝑡𝑜𝑣𝑒 𝑐𝑜𝑠𝑡 + 𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡  
Equation 16 requires a few adjustments to more easily fit the Thai/Myanmar border camp 
situation. Equation 17 reforms the ACCS equation to explicitly include 1) TBC fuel costs and 2) 
refugee household stove and fuel costs. Refugee fuel costs cover the purchase of secondary 
market TBC charcoal to make up the difference between the energy in the provided TBC ration 
and TBC’s minimum energy standard.  
Equation 17 ACCS equation with explicit inclusion of TBC fuel costs and refugee household stove and fuel costs  
𝐴𝐶𝐶𝑆
= 𝑇𝐵𝐶 𝐴𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑒𝑛𝑒𝑟𝑔𝑦 𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑇𝐻𝐵
ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
) +  𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑓𝑢𝑔𝑒𝑒 𝑠𝑡𝑜𝑣𝑒 𝑐𝑜𝑠𝑡 (
𝑇𝐻𝐵
ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
)
+ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑚𝑒𝑒𝑡 𝑇𝐵𝐶 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (
𝑇𝐻𝐵
ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
)   
An ACCS reflecting combined TBC and refugee costs is important for considering the overall 
affordability of a cooking solution and for comparing a charcoal cooking solution with other 
cooking solutions. However, an ACCS reflecting only refugee costs is needed to place the 
average Thai/Myanmar border camp charcoal cooking solution in Table 19’s framework. 
Equation 18 presents an ACCS that only represents costs for refugees. 
Equation 18 ACCS only showing costs for refugees  
𝑅𝑒𝑓𝑢𝑔𝑒𝑒 𝐴𝐶𝐶𝑆
= 𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑒𝑓𝑢𝑔𝑒𝑒 𝑠𝑡𝑜𝑣𝑒 𝑐𝑜𝑠𝑡 (
𝑇𝐻𝐵
ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
)
+ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑓𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑡𝑜 𝑚𝑒𝑒𝑡 𝑇𝐵𝐶 𝑚𝑖𝑛𝑖𝑚𝑢𝑚 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (
𝑇𝐻𝐵
ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
)   
Inputs into the each ACCS equation for a five person household having a single stove (at any 
given time) are given in Table 20 along with sources. A more complete accounting of variables 
is provided in Appendix 5-F. 
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Table 20 Variables used to estimate ACCS for a five person household in 2016 
Stove Principal 
fuel 
Cost 
(THB 
/ 
stove) 
Lifespan 
(years) 
Annual 
refugee stove 
cost (THB / 
household)* 
Annual TBC 
energy ration 
cost  (THB / 
household)* 
Annual refugee fuel 
cost to meet 
minimum energy 
standard (THB / 
household)* 
Total ACCS 
( THB / 
household)* 
Camp bucket 
stove 
charcoal 120 0.5 240 4,085 540 4,859 
* Based on a five person household. Vianello [53] also calculates costs assuming costs are split between five people.  
According to Table 20, the overall ACCS for a household of five adult members who purchase 
two stoves a year and TBC charcoal briquettes on the secondary market in order to meet TBC’s 
minimum energy standard, is 4,859 THB. TBC subsidizes 84% of cooking solution annual costs 
for that household. However, the household still pays an annual cost of approximately 780 THB 
for the cooking solution. According to the SE4ALL framework, in order for that household to 
have a cooking solution energy access affordability level of four or above, the household would 
need an annual expenditure of 15,600 THB. Appendix 5-F provides ACCS estimates for 
households of up to ten people, along with the expenditure required for each household size to 
reach level four and above affordability access. As cooking solution affordability depends on the 
a household’s annual income/expenditure, and official jobs in camp are extremely limited, it 
seems reasonable to assume that the average annual income/expenditure across all camp 
households is less than 15,600 THB.
113
  
5.7.3.6 Quality of primary fuel 
The framework shown in Table 19 considered fuel quality according to whether or not heat rate 
variations affect ease of use of the fuel [114]. Ensuring the quality of the TBC supplied energy 
ration has been the focus of TBC fuel inspections since 2001. TBC uses contractors to monitor 
five aspects of charcoal cooking fuel: heating value, ash content, fixed carbon content, moisture 
content, and volatile matter content. TBC annual reports state that suppliers are penalized when 
charcoal lab results do not meet TBC standards. Figure 40 presents heating value lab 
                                                 
113
 More research would be needed to determine whether the addition of remittances from family outside camps and 
overseas to annual income/expenditure estimations along with income from unofficial jobs in and around camps, 
would allow the average annual income/expenditure across all camp households to exceed 15,600 THB. 
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measurements in MJ/kg from January 2006 through April 2015 along with the TBC’s minimum 
energy standard of 24 MJ/kg for 2006 through 2011 and 22 MJ/kg for 2012 through 2015.
114
 
 
Figure 40 TBC charcoal, heating value lab test results (Jan 2006 – April 2015)   
Figure 40 shows that after a struggle to maintain consistent supplier heating values in the first 
half of 2006, suppliers more consistently met TBC’s minimum standard until mid-2011. 
Following roughly six months of failing to meet the minimum standard, TBC lowered its 
minimum heating value standard from 24 MJ/kg to 22 MJ/kg in 2012 and suppliers were able to 
achieve the minimum standard again. Since moving to the new standard in April 2012, the 
average heating value of sampled briquettes has been 22.5 MJ/kg. Over the last year of data 
provided by TBC, the average heating value of sampled fuel was 22.1 MJ/kg. TBC’s 
maintenance of the minimum fuel standard and the relatively small variation of the more recent 
heating values around the TBC standard in Figure 40 suggest that variations in heat rate that 
affect cooking ease will be minor. However, a more thorough understanding of the “No major 
                                                 
114
 Appendix 5-G provides the proximate analysis lab results for ash, moisture, volatile matter, and fixed carbon of 
TBC’s longest running supplier from April 2008 through April 2015. 
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effect” threshold in Table 19 would be needed to make an authoritative placement of the primary 
camp cooking solution in the framework. 
5.7.3.7 Availability of primary fuel 
Although procuring, storing and distributing the amount of fuel needed to supply all refugee 
camp residents with cooking fuel presents a major challenge, TBC has consistently done so since 
1999. In 2006, TBC distributed 14,644 metric tonnes of charcoal to 153,882 people living in nine 
camps spanning over 900 kilometres [299] of road. TBC’s distribution system ensures that 
charcoal and other goods are stockpiled in warehouses in camps where weather conditions may 
cut off access roads temporarily [238]. Wide availability of charcoal cook stoves and TBC’s 
steady supply of the energy ration over then entire year place charcoal fuelled camp cooking 
solution in the highest level of Table 19’s framework. 
5.7.3.8 Legality (not included in current SE4ALL framework) 
Legality of cooking energy supply was included in prior versions of the SE4ALL framework and 
is an important consideration in refugee camps governed by both refugee camp policy and 
nationally laws. We have included it in this discussion and suggest that in future versions of the 
matrix, it be included under the safety attribute. TBC purchases its charcoal fuel ration from 
commercial suppliers through a public tender system run on a six month basis [273]. While 
TBC’s charcoal fuel ration is legal by both camp and Thai standards, it is when a household 
determines that its primary cooking solution is inadequate to meet its cooking needs that 
households may decide to engage in coping strategies of questionable legality.
115
 Interviewee 
responses indicate that purchasing cooking gas and leaving camps to collect fuels are common 
coping strategies when the fuel ration does not met energy needs. Leaving camps unofficially 
[300], logging [301] and use of flammable gases in camps [272] are all against Thai government 
policies.  
 Improving refugee cooking energy access 5.7.4
As can be seen from Table 19, only two attributes of charcoal fuelled camp cooking solutions are 
rated at level 4 or above. Both attributes receive that rating due to TBC’s diligence in securing 
                                                 
115
 Perhaps legality has been removed from the framework due to its close association with a cooking solution’s 
capacity to meet user needs – an attribute that existed in prior versions, but was removed from the most recent 
version. 
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the availability and quality of its fuel supply. Five cooking solution attributes in Table 19 are 
rated at level 3 or below. Table 21 lists selected options for improving attributes of the primary 
cooking energy solution in Thai/Myanmar border refugee camps. Additional areas of potential 
benefit or negative impact from selected options are also listed. 
Table 21 Selected options to increase performance of refugee cooking energy access attributes, along with additional 
potential areas of refugee benefit and potential areas of negative impact 
Option Framework attributes 
positively impacted 
Potential 
additional areas of 
benefit for 
households 
Potential areas of 
negative impact 
Improve heating value of charcoal briquettes while 
maintaining quantity supplied 
refugee affordability 
IAQ, legality, 
capacity 
TBC affordability 
Increase quantity of charcoal briquettes supplied while 
maintaining quality 
refugee affordability legality, capacity TBC affordability 
Support higher efficiency charcoal cooking stoves efficiency 
IAQ, affordability, 
legality, capacity 
Refugee and TBC 
affordability 
Support more efficient cooking practices refugee affordability 
IAQ, legality, 
capacity 
TBC affordability 
Reduce the amount of drinking water boiled with TBC 
cooking energy ration 
refugee affordability 
IAQ, legality, 
capacity 
TBC affordability, 
safety/health 
Focus cooking energy ration on refugees with the least 
energy access 
refugee affordability legality, capacity 
Refugee and TBC 
affordability, 
legality 
Switch primary cooking solution of households that 
already have the required equipment for cooking gas 
IAQ, efficiency, 
convenience, safety, 
affordability, quality 
 
legality, refugee 
affordability, 
availability  
 
Table 21 highlights a few general relationships of note. First, selected options to increase the 
framework performance of primary cooking solutions in Thai/Myanmar refugee camps mainly 
result in potential increases in a refugee household’s cooking solution affordability, which is 
achieved by reducing the amount of additional energy needing to be purchased to meet the 
energy shortfall. Second, the additional positive and negative impacts listed in Table 21 are all 
labelled as “potential” because they largely depend on either external factors (market prices, 
policy enforcement and change) or whether or not behavioural changes take place along with the 
selected option. Third, the same budget issues that have led to food and cooking energy ration 
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cuts in recent years, also limit TBC’s ability to engage with most of the options listed in Table 
21.  
Comprehensive but somewhat dated information covering the first two options listed in Table 21 
is provided for Thai/Myanmar border camps by Owen [270, 271].
116
 General information 
covering the third and fourth options listed in Table 21, is provided in Appendix 5-H. More 
detailed information on those options is provided by Owen et al. [48], Lahn and Grafham [46], 
and Vianello [53]. Adapting that information for practical implementation in Thai/Myanmar 
border camps would be useful, but would also require field trials, extensive training and 
improvements in the ecosystems supporting cooking solutions in the region.
117
 The last three 
options arise directly from the context surrounding cooking solutions in Thai/Myanmar refugee 
camps. Each option is not dealt with in other literature and will be briefly covered here.   
5.7.4.1 Reduce the amount of drinking water boiled with TBC cooking energy ration 
This analysis found that in the case of a five adult household the TBC cooking energy ration 
supports the cooking of a sufficient amount of rice to meet Sphere calorie standards and boil 20 
litres of drinking water each month (0.7 litres a day). If the TBC cooking energy ration is meant 
to extend beyond the cooking of only basic needs rice to complementary foods, then the boiling 
of water – water that has already been treated to be potable in Mae La – competes with the 
cooking energy required by households. Interventions that focused on a thorough refugee 
education (at all age levels) about the central treatment of camp water, the energy savings from 
not boiling water in camp, and the need for treatment of water sourced outside of camp 
represents an option for improving the cooking energy access of refugees while they reside in 
camps. In situations where the camp WASH provider deems it necessary that camp residents boil 
their water to make it drinkable, energy for boiling should be supplied by the WASH provider, 
not come out of the TBC ration. 
5.7.4.2 Focus cooking energy ration on refugees with the least energy access 
Research clearly demonstrates that cooking energy shortfall coping strategies have unequal 
impacts on refugee households. A more vulnerable household that currently relies on making up 
                                                 
116
 A supplier and market survey updating that information was outside the scope of this research and will not be 
dealt with further here – although it might prove useful. 
117
 Vianello [53] notes a recent WHO communication that suggests the modern cooking solutions are the only way 
to realize significant cooking energy related health benefits for end-users.  
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its fuel shortfall through the collection of loose fuels outside of camp will be impacted 
differently than a STD or SR household that can purchase a cylinder of cooking gas or a 
secondary market bag of TBC charcoal to make up its cooking energy shortfall. Focusing the 
cooking energy ration on refugees with the least energy access will result in an increase in the 
capacity, affordability and legality (if it keeps them from leaving camps for fuel collection) of 
the cooking solutions used by more vulnerable households. However, it will also result in less 
support for richer STD and SR households – and thus decrease the affordability and possible 
legality (if they move to gas) of their primary cooking solution. From a practical standpoint, this 
intervention follows the CMT scheme which is already well known to camp residents as it has 
been applied to TBC food distributions. At the same time, this also presents a challenge to TBC’s 
longstanding commitment to the Thai government to supply cooking fuel to all refugees. More 
research on the political acceptability of this option at a Thai government level is needed to 
determine TBC’s scope for pursuing this action. 
5.7.4.3 Switch primary cooking solution of households that already have the required 
equipment for cooking gas 
Despite Thai government resistance to cooking gas in camps [270, 272], and the fact that gas 
cooking solutions require a comparatively large investment in equipment [270], this study found 
gas cooking solutions in all SR and half of STD refugee kitchens visited. The presence of 
cooking gas based solutions in camps is not surprising based on the IAQ, efficiency, 
convenience, safety, affordability, and quality improvements in cooking solution attributes [46] 
listed in Table 21. However, moving to market supplied cooking gas as a household’s primary 
cooking solution, has the potential to reduce the legality, availability and affordability of the 
solution for refugees under the current TBC cooking ration scheme. It is worth considering the 
largest potential driver – TBC affordability – for moving support for some households to a gas 
based primary cooking solution, especially if the cooking energy ration were to be aligned with 
the CMT system and TBC still aimed to provide partial support to richer STD and SR 
households.  
In order to compare the affordability of cooking systems, the average useful energy available 
from the TBC cooking ration needs to be calculated. Useful cooking energy differs from the 
energy content of the ration, by including the efficiency of the cooking stove used to burn the 
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fuel, and represents the amount of energy actually delivered to food and water. Equation 19 and 
Table 18 are used to estimate the useful cooking energy available from a five adult refugee 
household’s annual TBC charcoal cooking fuel ration, using an average efficiency Thai bucket 
cooking stove.  
Equation 19 Formula for estimating the useful cooking energy available from a five adult refugee household’s annual 
TBC charcoal cooking fuel ration, using an average efficiency Thai bucket cooking stove  
𝑈𝑠𝑒𝑓𝑢𝑙 𝑐𝑜𝑜𝑘𝑖𝑛𝑔 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑀𝐽) =  𝐴𝑛𝑛𝑢𝑎𝑙 𝑐ℎ𝑎𝑟𝑐𝑜𝑎𝑙 (𝑘𝑔) ∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑒𝑙 (
𝑀𝐽
𝑘𝑔
) ∗
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) 
The useful energy available for cooking and boiling water from a year’s worth of TBC charcoal 
for a refugee household of five adults is 1728 MJ. If the annual total is divided between the 
adults in the household, then 346 MJ of useful energy is available for use by each adult. Table 22 
reports the results of the use of Equation 20 to compare the costs of both the charcoal and 
cooking gas quantities needed to supply 346 MJ of useful cooking energy per person for that 
household. 
Equation 20 Equation for determining total annual cooking fuel costs  
𝑇𝑜𝑡𝑎𝑙 𝑎𝑛𝑛𝑢𝑎𝑙 𝑐𝑜𝑠𝑡 (𝑇𝐻𝐵)
=  
𝐴𝑛𝑛𝑢𝑎𝑙 𝑢𝑠𝑒𝑓𝑢𝑙 𝑐𝑜𝑜𝑘𝑖𝑛𝑔 𝑒𝑛𝑟𝑔𝑦 (𝑀𝐽) ∗ 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑓𝑢𝑒𝑙 𝑝𝑒𝑟 𝑘𝑔 (
𝑇𝐻𝐵
𝑘𝑔 ) 
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑓𝑢𝑒𝑙 (
𝑀𝐽
𝑘𝑔) ∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑡𝑜𝑣𝑒 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%)
 
Table 22 Estimates for cost of charcoal and gas cooking energy ration delivering the same amount of energy to food in a 
five person household in 2015 
Energy ration type (and 
unit size) 
Useful cooking 
energy delivered to 
food / water (MJ) 
Efficiency 
of cook 
stove (%) 
Heating value 
of fuel (MJ/kg) 
Cost of fuel per 
kg (THB / kg) 
Total annual cost 
to purchase fuel 
(THB) Charcoal (20 kg bag) 346 18.7 22 9.71 [210]
118 817 
Cooking gas low price
119
 346 55 [270] 46 [48] 26.7 365 
Cooking gas high price
120
 346 55 [270] 46 [48] 55 752 
* Assumes gas cylinder prices from time of interviews in 2015 have not changed  
Table 22 suggests that if TBC were to supply gas rather than charcoal as a primary cooking fuel 
to households that had already invested in the necessary equipment, its cooking energy ration 
                                                 
118
 2016 Annual cost, 8,443 Tonnes of charcoal purchased for 81,989,782 THB 
119
 Both reported interviewee prices and Bank of Thailand June prices for a 15 kg cylinder were close to 400 THB. 
120
 Reported prices for a 4 kg cylinder spanned 130 – 220 THB across all three camps. 
181 
 
budget could potentially be halved for those households that had already invested in 15 kg 
cylinders. For households already having a 4 kg cylinder and stove, there appears to be only 
minimal savings at the high gas price. Future savings would depend on the charcoal price and the 
stability of the price of 15 kg and 4 kg cylinders in camp. 
Further analyses would also need to account for the fact that while a 20 kg charcoal bag can be 
subdivided, cooking gas cannot. For example, although Table 22 suggests that 4.6 x 15 kg gas 
cylinders are needed to supply a household of five adults with the same yearly amount of useful 
cooking energy as found in their current TBC charcoal ration, cooking gas cylinders cannot be 
subdivided and TBC would need to supply five entire cylinders to the household. The actual 
price per adult per year in a five person household would be 400 THB / adult.  
Despite the benefits offered by cooking gas solutions, some very practical considerations make 
cooking gas a challenging primary camp cooking solution. Interviewees related that they could 
estimate cooking needs and manage the monthly TBC charcoal ration by eye and experience, and 
that building scraps and other fuels could be easily mixed with charcoal during the cooking 
process. In addition, charcoal briquettes can be easily loaned and/or given to needy people. 
Cooking gas cannot be easily mixed, managed or loaned in the same way.  
Further research would be needed to determine the feasibility of a cooking gas ration in 
Thai/Myanmar border refugee camps. Particular areas for exploration include:  
 a quantitative study of cooking gas penetration into camps (Wei and Moore’s [260] older 
study, published in 2013, but with an unspecified data collection time frame, found gas 
stoves in only 4 of 205 camp households); 
 the year round availability of a market supply in each camp area; 
 price stability of gas supply in refugee areas; 
 potential for using savings from supply of an annual gas subsidy to less vulnerable 
households (STD and SR), to increase charcoal ration or purchase cooking gas equipment 
for more vulnerable households (V and MV); 
 the efficiency and lifespan of local gas stoves; and  
 Thai government willingness to allow cooking gas as a full or partial alternative to the 
charcoal cooking energy ration. 
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 Cooking energy access transitions from camps to SE Myanmar  5.7.5
TBC’s 2013-2017 strategic plan discusses in part the inclusion of efforts to prepare refugees for 
return to their communities in SE Myanmar into their camp programmes [302]. If considering 
cooking solutions from the point of view of eventual return to communities in SE Myanmar, then 
the transition to cooking energy access on return that represents an important issue. Supporting 
the transition of camp cooking solutions, knowledge and skills from camps to SE Myanmar 
requires knowing what cooking solutions are available and in use in areas of refugee return in SE 
Myanmar.  
The census data detailed in Table 14 suggests that firewood is the primary cooking solution in 
SE Myanmar with charcoal only holding a sizable 41% share in the Tanintharyi region. Charcoal 
usage as the household’s main cooking solution ranges between 3% and 25% in other aggregate 
areas covered by the census. In contrast, firewood features as part of the main household cooking 
solution responses in between 55% and 73% of households covered.  
In terms of modern cooking solutions, electricity holds as high as a 23% share in refugee return 
areas of SE Myanmar, while liquid cooking fuels such as LPG and biogas barely rise above 1% 
in any those areas. The impact of Myanmar’s universal electrification plan [253] on electricity as 
a primary cooking option in areas of refugee return remains to be seen, especially as the 
electrification plan’s interaction with nascent regional peace processes is uncertain, and large 
portions of states where refugees originated from remain blank on plan electrification maps 
[303]. Based on the lack of a publicised national plan for universal access to modern cooking 
fuels, future improvements in access to electricity for cooking remain more hopeful than access 
to other modern cooking fuels.  
Both census and modern cooking solution access data suggest that cooking energy access 
transitions from camp to SE Myanmar will see most refugees move from charcoal to firewood 
cooking solutions. However, secure access to firewood based cooking solutions in SE Myanmar 
for over 100,000 returning refugees is not a given. In at least one area of refugee return in SE 
Myanmar, the government is working with NGOs to limit access to forest areas that were 
previously the home of refugees and displaced people [217]. 
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While forest protection is needed in a country who has experienced an annual 5460 km
2
 forest 
reduction since 2010 [220], the basic and cooking energy needs of displaced people returning to 
their homes also need to be taken into account. Natural resource management policies and 
Myanmar’s “labyrinthine” energy policy landscape [224] require planning integration – sooner 
rather than later – with a view towards improving the cooking energy access of not just returning 
refugees, but the 91% of population that still lacked access to modern cooking fuels in 2014 [1].  
5.8 Conclusion and further research 
Although cooking energy access in Thai/Myanmar border refugee camps has been decreasing 
since 2012, TBC’s [210] most recent annual report mentions a few initiatives that are aimed to 
improve cooking energy access. During 2016, TBC delivered a training on the construction of 
fuel-efficient stoves, undertook awareness raising on energy conservation and fuel-efficient 
cooking techniques and supported the purchase of a charcoal making machine. However, neither 
current camp budgets nor the state of modern cooking solutions in Myanmar suggest there will 
be large increases in cooking energy access in camps, or on eventual return to Myanmar in 
coming years. 
Supporting cooking energy access transitions from refugee camps to SE Myanmar involves 
supporting Myanmar government energy policy formation, along with on the ground energy 
access improvements in areas of refugee return. Myanmar’s plan for universal electrification by 
2030 offers potential benefit to the impoverished rural people currently included in the plan, but 
falls short of universality by not including consideration of refugees, other displaced peoples, 
and some communities in conflict affected areas. If considering universal access to clean cooking 
technologies by 2030, Myanmar is not alone in lacking of any apparent action towards that goal. 
Recent IEA [304] projections suggest that 2.3 billion people will still lack access to clean 
cooking solutions in 2030. 
Research findings on the difference in stove stacking strategies of different CMT categories – 
and especially the presence of cooking gas in not just the SR but also the STD homes visited – 
highlights the impact of inequality between households in a poor population on the links between 
cooking energy use and human welfare. In terms of GHG emissions, the study chose to remain 
local and consider HAP/IAQ, which is of direct impact on refugee human welfare and connected 
to the SE4ALL cooking energy access framework, rather than focus on the minute contribution 
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of refugee cooking emissions to global anthropogenic GHG emissions.
121,122
 The objective of 
this study was to not to make such estimates, but to ground the creation of an energy/GHG 
emissions and human welfare framework, and ensuing discussions of the poorest populations in 
those frameworks, in the lived realities of people.  
5.8.1.1 Further research 
Until the root causes that led people to leave their homes in Myanmar are addressed and refugees 
choose to return of their own volition, further research on cooking energy access in camps is 
warranted. In particular, research into improving refugee cooking situations in camp should 
cover:  
 The penetration of cooking gas into camps, along with a supply chain analysis and a 
review of current Thai policies toward flammable gasses in camps; 
 The energy access attributes of charcoal cookstoves found for sale in camps and 
potentially the creation of stove standards similar to TBC’s fuel standards; 
 The WASH – energy nexus and its impact on the TBC energy ration; 
 The impact of other energy services require by refugees on the TBC ration; 
 Myanmar’s plans for improving access to modern cooking solutions in areas of refugee 
return, and the country as a whole; 
 How and when the World Bank supported plan for universal electricity access by 2030 
will reach areas of refugee return and support an improved cooking energy access vision; 
 Electricity access in camps and its connection with human welfare. 
5.9 Acknowledgements 
Research was hosted by TBC and funded through the competitive award of an Australian 
Government Endeavour Research Fellowship. Cooking capacity calculations were based on 
                                                 
121
 However, a rough estimate of 0.223 tonnes CO2 per refugee per year from use of a charcoal cooking solution can 
be made Using Bhattacharya et al.’s [352] reported CO2 emissions factor of 2155 g per kg of fuel used from a Thai-
bucket cookstove and Table 58’s finding of a charcoal use of 103.6 kg per adult refugee (84 from TBC ration, 19.6 
purchased) in a five person household per year (to reach TBC 190 MJ minimum energy standard), leads to an 
estimate of 0.223 t CO2 per refugee from charcoal use per year. Direct energy use beyond the minimum cooking 
energy standard, along with the energy embedded in refugee materials consumption and each refugee’s share of 
emissions from camp governance and support structures, would need to be included in a more widely scoped CO2 
emissions factor. 
122
 This is well above 2012 findings from Chapter 3 modelling of a consumption-based CO2 emission level of 0.04 
tonnes per capita for the poorest 20% of people in Myanmar. This is not surprising as that model was based on 
incomes and did not include non-commercial or subsidized energy carriers such as TBC’s energy ration. 
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modelling conducted by Elijiah Butler for a joint UQ, Engineers without borders and UNHCR 
project. 
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6 Discussion 
Prior chapters presented the results for global, national and then local research on the links 
between energy use and human welfare. This section synthesizes the results of those chapters 
through a broad consideration of the modern lifestyles possible in a sustainable and universal 
High human development future. The discussion is structured to consider the three populations 
found in Figure 41’s revision of the conceptual framework initially presented in Figure 8. Figure 
41’s main point of difference with Figure 8’s earlier conceptualization is that one proposed 
population, which was not easily observable in this research, has been removed from the 
conceptual framework. 
 
Figure 41 Final conceptualization of the energy and human welfare framework  
The populations that arise from the framework presented in Figure 41 encompass: 
1. Populations lacking High human development, of which a sizable portion of the total 
population likely lacks access to modern energy services (previously two separate 
populations – energy impoverished and energy vulnerable); 
2. Sustainability challenged populations, which have achieved High human development, 
but have an average CO2 emissions level through 2100 in excess of the level needed to 
likely limit global warming to less than 2 °C; and  
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3. Sustainable populations, which have both achieved High human development and 
currently have average CO2 emissions levels through 2100 needed to likely limit global 
warming to less than 2 °C. 
The population descriptions are driven by the framework’s core understanding that energy is 
connected to both short-term and long-term human welfare outcomes. The thesis has continually 
returned to the idea that long-term human welfare is now intimately connected to energy use and 
climate change. In selecting a goal for this long-term relationship, this thesis has chosen to 
follow Chancel and Piketty’s [13] lead and specify a 2015 – 2100 reduction in CO2 emissions 
that will likely keep global warming to less than 2 °C [7]. This goal differs slightly from Chancel 
and Piketty’s original offering by focusing on CO2 only rather than a wider range of GHG 
emissions. However, CO2’s stronger and more widely studied relationship with energy use made 
it the better selection for this thesis.   
Achievement of this target will be used synonymously with the term sustainability for the 
remainder of this discussion and will be indicated by the 1.1 t CO2 per capita sustainability 
threshold shown vertically in purple in framework plots. This threshold is drawn from Appendix 
6-A’s estimate of the average per capita anthropogenic CO2 emissions from fossil fuels and other 
industrial sources required between 2015 and 2100 to likely keep global warming to below 2° C 
[2, 7]. Although this goal is presented using the long-term global CO2 emissions average through 
2100, Appendix 6-A makes it clear that there are also short-term CO2 emissions goals connected 
to meeting this target. A short-term CO2 emissions goal for 2030 will be presented alongside the 
long-term sustainability threshold as part of this discussion.  
Recent agreed global goals for sustainable development [20] provide a number of short-term 
human welfare targets that might be incorporated into the framework in a manner similar to 
Lamb [9]. However, global inclusive data on progress towards those targets is still lacking. 
Short-term human welfare goals will continue to be represented by HDI thresholds – as they 
were conveyed in chapters three and four of this thesis. Chapter three’s finding that more than 
half of the world still lacks High human development, and chapter four’s finding that only one 
income decile in India enjoyed High human development in 2012, both suggest the pragmatic 
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framework adoption of High human development as its short-term human welfare focused 
goal.
123
 
The conjunction of both short and long-term goals results in a refined framework goal of 
universal and sustainable High human development. In order to quantitatively discuss 
framework goals and populations in ensuing sections, an updated version of chapter three’s 
Figure 18 is presented, along with the conceptual framework populations, in Figure 42. Figure 42 
shows HDI scores and consumption-based CO2 emissions of quintile populations from 164 
countries in 2012 and uses national HDI scores to colour each quintile’s population bubble. 
                                                 
123
 Appendix 6-B provides a slightly more robust discussion of the selection of this framework target. 
189 
 
 
 
Figure 42 HDI scores and consumption-based CO2 emissions of quintile populations from 164 countries in 2012. UNDP [18] Areas indicating sustainable, sustainability 
challenged and populations lacking High human development are shown in purple, brown and slate blue respectively. National HDI scores are used to colour each 
quintile’s population bubble. The world per capita CO2 emissions average is drawn vertically in brown. A vertical black line shows the 1.64 t CO2 per capita world 
emissions average needed in 2030 to ensure that the world is on target through 2100 to likely keep global warming to below 2° C (see Appendix 6-A). Truncation of the x-
axis at 30 t CO2 per capita removes 11 quintiles from five countries, 0.33 Gt CO2 and 8 million people from the graph. 
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6.1 Lacking high human development  
All populations in this category have yet to achieve High human development, regardless of 
whether they have sustainable CO2 emissions or have access to modern energy services.
124
 
Chapter four’s analysis of income deciles in India provides support for the observation that both 
limited direct use of modern energy services, and limited incomes with which to consume goods 
and services, likely play a large part in the low per capita CO2 emissions shown for most 
populations in this category. In fact, Figure 42 indicates that populations lacking High human 
development, which represented 55.6% of the global population in 2012, had a group per capita 
emissions average of 1.3 t CO2, which is nearly the 1.1 t CO2 per capita level needed to likely 
limit global warming to less than 2 °C. 
That poorer populations – such as the refugee population introduced in chapter 5 – likely have 
sustainable CO2 emissions, is not surprising. Chapter five’s case study of cooking energy in 
refugee camps makes it hard to imagine the vast majority of people living in refugee camps on 
the Thai/Myanmar border as having either High HDI scores or unsustainable CO2 emissions. 
Even for those households that did appear to have access to modern energy services in camps, 
such access was heavily limited by both affordability – which is tracked by the SE4ALL cooking 
energy access framework – and legality, which is not tracked in the current framework.125 As 
noted in chapter five, improving the short and long-term human welfare of refugees living on the 
Thai/Myanmar border has less to do with improvements in the camps visited
126
 and more to do 
with the success of ongoing efforts to improve the lives of all impoverished people in Myanmar. 
The challenge facing this and other populations lacking High human development, is to achieve 
high education levels, long life expectancies and high standards of living while maintaining 
and/or lowering average per capita CO2 emissions through 2100. The ability of the nations which 
house these populations to support required High human development transitions while meeting 
Nationally Determined Contribution (NDC) emissions targets [305], depends in large part on the 
CO2 emissions implications of the lifestyle transition facing the three billion people in the world 
                                                 
124
 See Appendix 6-C for a brief exploration of the crossover between populations lacking High human welfare and 
those lacking access to modern energy services. 
125
 While the SE4ALL cooking energy access framework seems well designed to educate policy makers on reasons 
for improving cooking energy access, its use beyond that seems unclear along with its connection, if any, to the 
numbers reported in the SE4ALL dataset. 
126
 Although such efforts should be supported as long as refugees live there. 
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that lack access to modern energy services.
127
 If the incomes that support the affordability of 
newly accessible modern energy carriers and High HDI scores also drive the consumption of 
goods and services from economies that have yet to decarbonize [306], then these populations 
are likely to see CO2 emissions increasing in the direction of sustainability challenged 
populations already enjoying higher HDI scores – as was observed with each decile income 
increase in India in chapter 4. 
It should be noted that the population shown as lacking High human development in Figure 42 
does not include poor populations from rich countries that are experiencing fuel poverty – as was 
discussed in the literature review and that feature prominently in Figure 3 and Figure 8 
framework conceptualizations. Figure 19 in chapter 3 does not indicate that a single poor quintile 
from a Very high human development country lacked High human development in 2012. At 
current framework quintile resolution, fuel poor populations from Very high human development 
countries, such as the 17% of the UK that lived in fuel poverty
128
 in 2013 [307], are not 
contained within the population lacking High human development in Figure 42 and are not 
explicitly included in the framework. Additional data and a different human welfare target would 
be required to explicitly include fuel poor populations in the framework. 
6.2 Sustainability challenged  
Figure 42 shows 42% of the world’s population with High human development, living in 117 
countries and responsible for 83% of the world’s CO2 emissions in 2012. Figure 42 differs with 
the traditional national view of the relationship between HDI and consumption-based CO2 
emissions shown in Figure 10, by highlighting that fewer people, from a larger number of elite 
High human development populations, emit a greater share of the world’s CO2 emissions.  
Figure 42 also illustrates the sheer magnitude of the short-term change required of High human 
development populations. These populations, who largely – but not entirely – come from nations 
with a historical responsibility for cumulative anthropogenic CO2 emissions to date [13], must 
rapidly and deeply decarbonize their consumption based lifestyles while maintaining High 
                                                 
127
 According to SE4ALL data shown in Appendix 6-C, the minimum total global population lacking access to clean 
energy technologies in 2013 was 3.049 billion people. Appendix 6-C also provides an initial indication of the close 
relationship between global populations lacking modern energy access – particularly clean cooking technologies – 
and global populations lacking High human development. 
128
 The cited report adds additional criteria to the traditional definition centring on the share (ex. 10%) of household 
spending on heating. 
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human development. This involves transitioning from a 2012 group per capita emissions average 
of 9.4 t CO2, to one supporting the 2030 global average per capita CO2 emissions level of 1.64 t 
CO2 that likely keeps global warming to below 2° C (see Appendix 6-A).  
According to the Deep Decarbonization Pathways Project (DDPP) [306], one possible route to 
sustainable CO2 emissions levels is to decarbonize the economies that provide and consume the 
goods and services serving High human development lifestyles. The DDPP finds that for sixteen 
of the world’s major CO2 emitting economies,
129
 a 2050 transition to national emissions levels 
commensurate with an “about as likely as not”130 2 °C change in average global temperature is 
technically feasible.
131
 DDPP scenarios imply that the consumption-based lifestyles of High 
human development populations will not require actual behavioural change unless the 
assumptions around the development, implementation and uptake of technical fixes in DDPP 
nations prove slower than expected; and/or DDPP projections underestimate future CO2 
emissions from sources not explicitly considered as part of DDPP analyses.
132
 Recent technology 
focused IEA [308] literature supports this notion while proposing a main technology driven 
pathway (“2DS”) that slightly increases the likelihood of limiting average global warming to 2 
°C to “more unlikely than likely”. 
Should technical decarbonisation pathways as envisioned by the DDPP [306] and IEA [308] be 
slow to materialize, then decarbonisation of High human development populations will require 
lifestyle changes, some examples of which are surveyed by Wynes and Nicholas [309].
133
 Should 
lifestyle change be required and High human development populations be either unwilling or 
incapable of making changes, then perhaps focusing High human development populations on 
adaptation funding for populations most vulnerable to changing climates represents the most 
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 Ten of the covered DDPP economies only house High human development populations. The other six economies 
also house populations lacking High human development. 
130
 In IPCC AR5 literature [8] “likely” refers to 66 - 100% likelihood of that possibility, “more likely than not” 
refers to a greater than 50% likelihood, “about as likely as not” refers to a 33 – 66% likelihood, and “more unlikely 
than likely” refers to a less than 50% likelihood. This thesis’s RCP2.6 derived sustainability line has a “likely” 
target. 
131
 All DDPP pathways incorporate economic and population growth and depend on energy end-use switching to 
low and zero-carbon energy carriers, energy carrier decarbonisation (which includes carbon capture and storage and 
nuclear technologies) and energy efficiency and conservation measures. 
132
 All other countries in world, non-energy sources 
133
 Not owning/using a car can result in an annual savings of up to 5.3 t CO2e. Avoiding air travel can save to 2.8 t 
CO2e depending on roundtrip flight length (it is not directly mentioned in paper, but this thesis assumes that this 
figure only covers economy class and does not apply to more luxurious classes of travel). A vegetarian diet results in 
an annual reduction of 0.8 t CO2e.  
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pragmatic path forward [13]. If this proves to be the case, then academic offerings such as this 
thesis and global initiatives such as the SDGs will need to align definitions of sustainability with 
futures involving a greater than 2 °C increase in global temperatures. 
6.3 Sustainable and High human development 
Three populations having both High human development levels and sustainable per capita 
emissions levels appear in Figure 42 – Sri Lanka’s second and third income quintiles and the 
Republic of Moldova’s richest income quintile. As might be surmised from the discussion in 
chapter 3’s Appendix 3-L, the appearance of quintiles from Sri Lanka in this category is 
unsurprising following an initial exploration of HDI and CO2 emissions. However, from a 
conceptual standpoint, the appearance of Sri Lankan quintiles in a framework category defined in 
part by access to modern energy services, is called into question by SE4ALL data [1]. Energy 
access data for Sri Lanka found in Appendix 6-C estimates that only 20% of Sri Lanka had 
access to modern cooking technologies in 2013. Unless income and modern cooking 
technologies are not related in Sri Lanka, it would appear that Sri Lanka’s second and third 
quintiles meet the HDI and CO2 emissions requirements of the category, but fall short of being 
fully included on modern energy access grounds. In the case of the richest Moldovan income 
quintile, the discussion in chapter 3’s Appendix 3-L suggests that improving the quality of the 
data underlying the framework will move this quintile into sustainability challenged territory. 
At current quintile framework resolution, sustainable High human development populations with 
access to modern energy services are not observable. Chapter two’s literature based conclusion 
that this population is largely aspirational, remains unchanged. 
6.4 A universal and sustainable High human welfare future 
The refined energy and human welfare framework presented in Figure 42 seeks to aid global 
understanding of the human development and CO2 emission reduction challenges facing 
humanity through 2100. The research on the links between energy and human welfare that led to 
the development of the framework and set the stage for future research on what modern lifestyles 
are possible should the world want to achieve both a sustainable and universal High human 
development future. That potential for such a future, according to the definitions set forth in this 
thesis, will largely be determined in the years leading up to 2030. 
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For nations with quintile populations on both sides of Figure 42’s High human development 
threshold, the intertwined nature of the major challenges facing unsustainable populations and 
those lacking High human development are readily apparent. For nations that only inhabit one 
section of the framework, the relationship between the two challenges is less obvious. Figure 
42’s focus on income quintile and consumption-based emissions rather than nations and 
territorial CO2 emissions highlights the global need for progressively designed and intertwined 
CO2 mitigation and development funding mechanisms.  
One such proposal from Edenhofer et al. [310] suggests broadly that ending fossil fuel subsidies 
and enacting carbon pricing might allow some nations
134
 to fund low carbon development 
pathways while lowering total GHG emissions. Related examples from Chancel and Piketty [13] 
cover a globally coordinated nation-based progressive tax on carbon (see Appendix 3-A) and a 
global progressive tax on air tickets. Lessons from prior global low carbon development 
mechanisms, such as the Kyoto Protocol connected Clean Development Mechanism [311] might 
also be instructive in envisioning appropriately coordinated policy packages.  
Whatever national or global policies and initiatives are enacted, those mechanisms must fund 
low carbon improvements in the human welfare of populations lacking High human 
development, while simultaneously supporting deeply decarbonising technology transitions [306, 
308] and lifestyle changes in sustainability challenged populations. The coupling of the recently 
mobilized Green Climate Fund, which addresses the low carbon development and adaptation 
needs of poor and vulnerable populations [312], with a funding mechanism tied progressively to 
the GHG emissions of richer populations represents one possibility.  
A first critical question raised by the final elaboration of the framework is whether the current 2 
°C driven CO2 emissions sustainability threshold is reasonable. While deep decarbonisation and 
lifestyle changes offer potential pathways for unsustainable populations to achieve action to 
ensure that target, it seems more likely that global initiatives such as the SDGs and future work 
building on this thesis’s framework, will need to use a definition of sustainability that allows for 
a future involving a greater than 2 °C increase in global temperatures. A second critical question 
raised by the energy and human welfare framework is whether the human welfare target of High 
                                                 
134
 G20 nations. For 2017 membership and more information see website from the 2017 G20 summit [389]. 
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human development enabled by low carbon modern energy sources really represents the core 
human welfare needs of impoverished populations.  
A brief look at the basic human needs focused work of Maslow [86] and Sen [98] and the recent 
evolution of multi-dimension indicators such as the SDGs [20, 313] and the Multidimensional 
Poverty Index (MPI) [314, 315], provide ample evidence that an achievement of High human 
development only represents a minute portion of the full breadth of human welfare. Certainly 
other thresholds and tools are more appropriate for use in the assessment and improvement of the 
human welfare of impoverished populations such as the one studied in chapter five. However, 
the HDI represents an ideal candidate given the importance of achieving framework goals of 
ascending from local to global scales, allowing comparisons between sub-national populations of 
any country, and fostering simultaneous understanding and discussion of the development and 
climate challenges facing all global populations.  
In fact, the HDI is well suited for use in the framework because it incorporates income in its 
formulation. Income’s central role in determining both human welfare and human sustainability 
in Figure 42, highlights the central and deeply conflicted role that income plays in a deeply 
unequal world underpinned by modern energy services. The framework’s transparent acceptance 
of this relationship leads to the core takeaway of the framework: until world political systems 
and economies can restructure themselves to lessen or eliminate income’s central role in both 
human welfare and GHG emissions, a universal and sustainable High human development world 
is likely to be elusive.  
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7 Conclusions 
A number of conclusions arise from the research presented in this thesis, as do some suggestions 
for next steps and further research. 
Chapter three concludes with an improved understanding of the impact of intra-country income 
inequality on the distribution of energy use/GHG emissions and human welfare. Key findings are 
that: 
 Less than 3% of global CO2 emissions in 2012 arose from the 22% of the global 
population included in the study with Low human development HDI scores (central 
model results indicate 1.4% of global CO2 emissions); 
 As a rule of thumb, the lifestyles of populations enjoying Very high human development, 
and representing 20% of the population, result in 50% of CO2 emissions, and the 
lifestyles of populations having Medium or Low human development, and representing 
50% of the population, resulted in 20% of CO2 emissions. 
 Although assumptions about the relationship between incomes and CO2 emissions 
(income-CO2 emissions elasticity) have an impact on model results, that relationship only 
has a minor impact on the CO2 emissions results of most populations lacking High human 
development. 
Chapter three also identifies the need for nationally scoped analyses to check the model’s HDI 
and energy/GHG relationships at a country level, in order to provide a basis for the discussion of 
the changes required for poor populations to transition to High and Very high human 
development, while maintaining low GHG emissions.  
Research detailed in Chapter four found that for the richest 10% of Indians in 2012, 61% of all 
energy consumed and 66% of CO2 emissions arise from the consumption of non-energy goods 
and services. Chapter four concludes with an understanding that until wealth creation and human 
development is decoupled from consumption, or low (or neutral or negative) carbon intensity 
energy and household products are introduced at large scale into the Indian economy, 
consumption connected with rising incomes will form an increasingly dominant share of 
household energy use and CO2 emissions.  
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Chapter four highlights that with respect to making lasting improvements in the lives of its 
poorer populations as might be indicated by a reduction in household air pollution and improved 
HDI scores, India faces two conflicting and resource intensive tasks. The first involves 
leveraging the roll out of modern energy carriers to increase the wealth of its poorest populations 
and reduce solid fuel combustion and household air pollution in those households. The second 
task involves reducing the emissions intensity of the modern energy carriers India uses to enable 
modern energy access. Modern energy services, along with carbon intensive consumption items, 
play an increasing part in the Indian population’s CO2 emissions as their incomes rise. Key 
aspects of the second task include reducing the carbon intensity of India’s grid, finding or 
creating replacement for high emissions goods and services currently imported into India, 
finding carbon neutral technology options to use in the production of the plastic, steel and other 
currently carbon intensive materials that comprise many modern goods, and implementing the 
low carbon intensity recycling of such materials. 
Chapter five’s case study of the lived energy realities of refugee populations from India’s 
neighbour Myanmar, concludes that neither current camp budgets, nor the state of modern 
cooking solutions in Myanmar suggest that there will be large increases in cooking energy access 
in camps or on eventual return to Myanmar in coming years. Myanmar – along with most of the 
world – lacks a plan to achieve universal access to clean cooking technologies by 2030. 
Supporting Myanmar government energy policy formation, along with on the ground modern 
energy access improvements in rural, government underserved and ethnic areas appear to be the 
current best avenues for improving the cooking energy access of returning refugees. For a very 
limited segment of the returning refugee population, electricity access may offer a portion of the 
solution. However, while Myanmar’s current plan for universal electrification by 2030 offers 
potential benefit to the impoverished rural people currently included in the plan, it falls short of 
universality by not including consideration of refugees, other displaced peoples, and many 
communities in conflict affected areas.  
Research in chapters three through five leads to the creation of an energy and human welfare 
framework that allows both a conceptual and data driven discussion of the challenges facing the 
achievement of a universal and sustainable High human development world. The framework 
highlights the global need for progressively designed and intertwined CO2 mitigation and 
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development funding mechanisms. Such mechanisms must simultaneously fund low carbon 
improvements in the human welfare of populations lacking High human development, while 
supporting deeply decarbonising technology transitions and lifestyle changes in sustainability 
challenged populations. 
7.1 Next steps, further research and applications  
A short list of potential avenues for improving and disseminating the energy and human welfare 
framework follows. 
 Update and improve the data underlying the model, specifically targeting 
o improved and higher resolution sub-national HDI distributions as might be gained 
from newly emerging data-sets such as the UNDP’s IHDI data; and 
o a systematic, global and temporal study of GHG/energy-income elasticities at a 
sub-national level, which would require an improved and better verified MRIO 
database for use with each country analysed. 
 Extend coverage of the framework to a wider range of GHGs than just CO2, as argued for 
by Chancel and Piketty [13]. 
 Compare framework populations with related indicators such as the MPI and consider 
options for incorporating a wider range of development goals, such as SDGs into the 
framework. 
 Reintroduce important fuel-poor populations into the framework – as was envisioned 
after the initial literature review and described in the initial conceptual framework 
presented in Figure 8. After gaining access, an inability to afford the modern energy 
services that have a direct impact on human welfare represents an important aspect of 
modern energy – human welfare relationships.    
o Apply methods used in chapter four to a Very high human development country 
with a high fuel poverty rate – such as the UK. Determine a human welfare target 
that would allow the explicitly inclusion of fuel poor populations in the 
framework. 
o Use IHDS survey data to determine what percentage of Indian households in 2012 
spent more than 10% of their income/expenditure on various energy use 
categories. While the adequate warmth criteria in the UK definition does not 
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apply to the majority of the Indian population, some other conceptualization of 
emergent Indian fuel poverty connected to the switch to modern energy sources 
might be observed. 
 Reconsider energy’s relationship with pollution and health (beyond LEB) in the 
framework – especially in light of the recent publication of The Lancet Commission on 
pollution and health [316], which highlights links between global climate change, air 
pollution and the global death toll. 
 Develop a website allowing anyone to create static and animated national and sub-
national plots of HDI and HDI sub-indices vs energy and GHG emissions – and place 
themselves on that plot. A list of likely geographically specific and income targeted 
lifestyle and consumer choices having the highest chance of allowing an 
individual/population to reduce their GHG emissions to levels required by a likely less 
than 2 °C increase (or more/less stringent goals) in global temperatures would 
accompany the plot/presentation. 
 Research which nations that have plans for universal access to clean cooking 
technologies by 2030, and consider how such plans might be adapted for a Myanmar 
context and applied equitably to reach all Myanmar populations – including those that are 
displaced and unrecognized. 
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9 Appendices 
9.1 Chapter 2 Appendices 
Appendix 2-A  
Table 23 lists the keywords and codes used to assess a journal paper’s focus and note links 
between energy and human welfare domains. When literature was deemed foundational reading 
for the review but did not fit under chosen keywords, the study coded it as “Foundation”. 
Table 23 Coding labels for literature 
Keywords Code Description 
Energy poverty EP Lack access to modern energy services 
Fuel poverty FP Have access but unable to afford modern energy services 
Energy security ES Ensured continued access to energy carriers 
Energy & indirect use EU Energy used indirectly through services, food, public transport, et cetera… 
Energy & health EH Energy’s connections with human health 
Energy & education EE Energy’s connections with education 
Energy & climate EC Energy’s connections with the Earth’s climate systems 
Energy & resource limits ER Energy’s connections with limits on resources 
Energy & Myanmar EM Energy’s connections with Myanmar 
Energy & refugees EF Energy’s connections with refugees or IDPs 
Foundation F Foundational reading: poverty, inequality, needs, development, et cetera… 
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Appendix 2-B 
Table 24 shows the results of the database query for the keywords shown in Table 23. This 
database query occurred once in early 2015 before the researcher’s confirmation (results are 
shown in parentheses in Table 24) and was undertaken again in June, 2017. Results are reported 
according to title, keyword, and abstract hits in the Science Direct (SD) database. Hits are 
reported for published articles in SD’s energy focused journals. Table 24 also reports the 
percentage of hits in energy focused journals since 2010. Science Direct’s coverage spans 127 
(110 in early 2015) energy related journals. Pertinent to this study, SD coverage includes 
“Energy Policy”, “Energy Research and Social Science” and “Renewable and Sustainable 
Energy Reviews”. In terms of 2012 impact factors, SD covered at least 13 of the top 20 “Energy 
& Fuel” journals and in terms of citations, 18 of the top 20 “Energy & Fuel” journals. [317, 318] 
Table 24 Results of the database query for the keywords shown in Table 23 
Terms searched Code Hits in entire SD 
database all 
years (to 2014) 
Hits in SD energy 
focused journals 
all years (to 2014) 
% Hits in energy focused 
journals published since 
2015 (2.5 years) 
Energy poverty EP 212 (82) 187 (75) 60% 
Fuel poverty FP 134 (74) 115 (62) 46% 
Energy security ES 1233 (834) 1013 (687) 32% 
Energy & indirect use EU 18 (13) 12 (8) 33% 
Energy & health EH 7,268 (4,973) 1,206 (732) 40% 
Energy & education EE 1,689 (1,260) 532 (387) 27% 
Energy & climate EC 11,660 (7,651) 7,344 (4,696) 36% 
Energy & resource depletion ER 156 (103) 112 (70) 38% 
Energy & Myanmar EM 27 (19) 13 (10) 23% 
Energy & refugees EF 18 (9) 7 (2) 71% 
TOTAL  22,415 (15,081) 10,541 (6,729) 36% 
 
General results found in Table 24 attest to the breadth of the space searched, especially around 
literature on energy security, energy & health, and energy & climate. Table 24 indicated that 
sixty percent of the articles published in SD energy journals on energy poverty appeared in the 
past three years. Although only seven refugee focused energy articles have been published in SD 
energy journals, five of them appeared in the past three years. In general, results also attest to the 
huge increase in the volume of energy related literature since this PhD project was confirmed in 
231 
 
early 2015. If “energy and Myanmar” is excluded from Table 24 results, results suggest that 
more than a quarter of all SD energy journal hits in Table 24 were published in the past two and 
a half years. Table 24 suggests that energy – human welfare relationship focused research is 
timely. 
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9.2 Chapter 3 Appendices 
Appendix 3-A 
Table 25 lists the various tax instruments suggested by Chancel and Piketty along with calculated 
regional
135
 shares for adaptation funding under each scheme.  
Table 25 Chancel and Piketty’s [13] “WHO SHOULD CONTRIBUTE TO CLIMATE ADAPTATION FUNDS?” 
 
Although China plays a sizable role in four of the five tax strategies, Table 25 shows that the EU 
and especially North America should contribute the most to adaptation funding under all but a 
flat tax. Table 25’s division of contributions is predicated on Chancel and Piketty’s 
[13]calculation of a global distribution of individual carbon emissions.
136
 Chancel and Piketty’s 
pragmatic focus on adaptation funding is tempered slightly by their choice of nationally levied 
progressive taxes on individuals having both the most responsibility for current carbon 
                                                 
135
 With the exception of China, Chancel and Piketty present results regionally in most figures and tables. 
136
 A bit disappointing that the distribution was not presented in a longitudinal form comparable with Chakravarty et 
al. [23]   
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emissions,
137
 and the most ability to influence government and global implementation of carbon 
taxation. 
  
                                                 
137
 Although Chancel and Piketty trace and present ‘legacy’ emissions from 1820 to 2013, historical responsibility 
for emissions does not appear directly in presented adaptation funding schemes – historical capital accumulation 
[375] in energy underpinned societies does some of that work for them, especially in the more progressive tax 
strategies. 
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Appendix 3-B 
Table 26 lists the data sources used by Grimm et al. [24] in their 2010 analysis. 
Table 26 Data Sources used by Grimm et al. [modified from 24] 
Country DHS*  LSMS**  LIS*** Other surveys used 
Mozambique 2002   2003-Inquerito Nacional aos Agregados Familiares sobre as Condicoes de Vida 
Burkina Faso 2003   2003-Enquete Prioritaire sur les Conditions de Vie des Menages (EP) 
Ethiopia 2000   2000-Welfare Monitoring/Income, Consumption and Expenditure Survey 
Guinea 1995 1999   
Cote de Ivoire 1999   1998-Enquete de Niveau de Vie des Menages (ENV) 
Zambia 2002 2002   
Cameroon 2004   2001-Enquete Camerounaise auprles des Menages (ECAM) 
Ghana 1998   1998-Ghana Living Standard Survey No. 4 
Madagascar 1997   2001-Enquete auprles des Menages (EPM) 
India 1999   1997-NSS Household Consumer Expenditure Survey (53rd Round) 
South Africa 1998   2000-Income and Expenditure Survey 
Kyrgyz 
Republic 
1997 1998   
Guatemala 1995 2000   
Nicaragua 2001   2001-Encuesta Nacional de Hogares sobre Medicion de Nivel de Vida (EMNV) 
Vietnam 2002 2004   
Bolivia 2002 2003   
Indonesia 2000   2003-DHS 
Paraguay 1990   1998-Encueata Integrada De Hogares (Programa MECOVI) 
Colombia 2005   2003-Encuesta de Calidad de Vida 
Peru 2000 1994   
Brazil 1996 1997   
Poland   1999  
Germany   2000  
Italy   2000  
Spain   2000  
USA   2000  
Finland   2000  
France   2000  
Netherlands   1999  
Sweden   2000  
Canada   2000  
Australia   2001  
* Demographic and Health Surveys, USAID [319] 
**  Living Standards Measurement Study, The World Bank [320] 
*** Luxembourg Income Study, Cross-National Data Center in Luxembourg [321] 
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Appendix 3-C 
The question of how to scale Grimm et al. [24] sub-index values which are reported as one in 
richer nations requires consideration. Capping of indices at one for countries that report metrics 
beyond the UNDP selected metric boundaries for a given year is common practice in HDRs. 
Grimm et al. follow suit in reporting their results, and both education and income sub-indices 
show evidence of capping. This leads to an attenuated sub-index distribution for nations with 
quintile sub-indices of 1. In cases where two quintiles in the same nation show capped sub-
indices, the distribution is even more attenuated. For income distributions, this will result in the 
top two quintiles having the same reported income. Although capping will distort model results 
for upper quintiles – mostly in richer nations – the model has not been adjusted to address this 
issue. The issue could be addressed by requesting uncapped values from Grimm et al. 
Challenges also arise in handling the lower tail of the scaled income sub-index distributions. In a 
few cases, scaled Grimm et al. incomes for a bottom quintile fall below the lower bound of $100. 
The $100 lower bound is justified by the UNDP [133] on the grounds that there is a 
“considerable amount of unmeasured subsistence and nonmarket production in economies close 
to the minimum, which is not captured in the official data“. Furthermore, $100 is seen as a 
“natural zero[s] below which there is no possibility for human development” [162]. The UNDP 
[322] notes that Zimbabwe’s 2008 mean income of $163 represents the lowest national income 
reported in any HRD prior to 2010. An analysis that moves beyond the country average income 
and considers the incomes of the poorest people within a country like 2008 Zimbabwe must 
revisit the handling and justification for that lower bound.   
This analysis takes the stance that human development is possible even for populations whose 
combination of market, subsistence and nonmarket equivalent incomes may fall below or close 
to $100 and thus there needs to be a procedure for handling those cases. However, as the results 
of this study are intended to be comparable with UNDP [25, 133] data, the lower bound cannot 
simply be eliminated. Simply replacing the quintile income with the lower bound value of $100 
returns an income sub-index of 0 and an overall HDI of 0 for the quintile – which seems 
equivalent to considering no possibility for human development. To help with selecting a 
replacement income, a sensitivity analysis showing the impact of incomes near to the minimum 
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income of $100, on the quintile income sub-index and HDI is shown in Figure 43. In order to run 
the sensitivity analysis, education and health sub-indices were held constant at 0.4. 
 
Figure 43 Results of a sensitivity analysis showing the impact of incomes close to the 2015 minimum income of $100 on the 
quintile income sub-index and HDI (education sub-index = 0.5, health sub-index = 0.5) 
A visual inspection of Figure 43 suggests that $110 is a reasonable choice for a replacement 
value, below which the HDI is not overly biased by the income index value. Although the choice 
of this minimum income affects model creation and the results of this analysis, an understanding 
of the low income development status (and resulting GHG emissions) of the poorest quintile in a 
nation will be little impacted.
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138
 It should be said that $10 might make a significant difference in the life of an impoverished person. If the study 
were to move from a quintile to the household or individual level, the lower income bound would need to be 
reconsidered again. 
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Appendix 3-D 
UNDP [18] 2015/2016 methodology is used in estimating quantile HDI scores, sub-indices and 
metrics. HDI estimation formulas are given in Equation 21 through Equation 24. HDI goalposts 
for 2015/2016 are shown in Table 27 along with 2005 [139] and 2010 [322] goalposts. IHDI and 
related estimation formulas are given in Equation 25 through Equation 30. 
Equation 21 HDI main formula 
𝐻𝐷𝐼 = (𝐼𝐻𝑒𝑎𝑙𝑡ℎ ∗  𝐼𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗  𝐼𝐼𝑛𝑐𝑜𝑚𝑒)
1
3 
Equation 22 HDI income sub-index formula 
𝐼𝐼𝑛𝑐𝑜𝑚𝑒 =  
(ln 𝐺𝑁𝐼𝑎𝑐𝑡𝑢𝑎𝑙 − ln 𝐺𝑁𝐼𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
(ln 𝐺𝑁𝐼𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − ln 𝐺𝑁𝐼𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
 
Equation 23 HDI health sub-index formula 
𝐼𝐻𝑒𝑎𝑙𝑡ℎ =  
(𝐿𝐸𝐵𝑎𝑐𝑡𝑢𝑎𝑙 − 𝐿𝐸𝐵𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
(𝐿𝐸𝐵𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − 𝐿𝐸𝐵𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
 
Equation 24 HDI education sub-index formula 
𝐼𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 =  
( 
(𝑀𝑌𝑆𝑎𝑐𝑡𝑢𝑎𝑙 − 𝑀𝑌𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
(𝑀𝑌𝑆𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − 𝑀𝑌𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
+  
(𝐸𝑌𝑆𝑎𝑐𝑡𝑢𝑎𝑙 − 𝐸𝑌𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
(𝐸𝑌𝑆𝑚𝑎𝑥𝑖𝑚𝑢𝑚 − 𝐸𝑌𝑆𝑚𝑖𝑛𝑖𝑚𝑢𝑚)
 ) 
2
 
Table 27 HDI goalposts (minimum and maximum indicator values) for 2015/2016 , 2010 and 2005 [modified from 18] 
Dimension Indicator Maximu
m 2016 
Minimum 
2016 
Maximu
m 2010 
Minimum 
2010 
Maximu
m 2005 
Minimum 
2005 
Health LEB 85 20 83.2 20 85 25 
Standard of living GNI (2011 PPP$) 75,000 100 75,000 100   
 GDP     40,000 100 
Education EYS 18 0 20.6 0   
 MYS 15 0 13.2 0   
 Adult literacy rate     100 0 
 Enrolment ration     100 0 
 Education index   0.951    
 
Equation 25 IHDI main formula 
𝐼𝐻𝐷𝐼 = (𝐼∗𝐻𝑒𝑎𝑙𝑡ℎ ∗ 𝐼
∗
𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗ 𝐼
∗
𝐼𝑛𝑐𝑜𝑚𝑒)
1
3 
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Equation 26 IHDI income sub-index formula where AIncome is the Atkinson inequality measure for disposable income or 
consumption per capita [18] 
𝐼∗𝐼𝑛𝑐𝑜𝑚𝑒 =  𝐼𝐼𝑛𝑐𝑜𝑚𝑒 ∗ (1 −  𝐴𝐼𝑛𝑐𝑜𝑚𝑒) 
Equation 27 IHDI health sub-index formula where ALEB is the Atkinson inequality measure for LEB 
𝐼∗𝐻𝑒𝑎𝑙𝑡ℎ =  𝐼𝐻𝑒𝑎𝑙𝑡ℎ ∗ (1 − 𝐴𝐿𝐸𝐵) 
Equation 28 IHDI education sub-index formula where AMYS is the Atkinson inequality measures for MYS (none for EYS) 
𝐼∗𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 =  𝐼𝐸𝑑𝑢𝑐𝑎𝑡𝑖𝑜𝑛 ∗ (1 − 𝐴𝑀𝑌𝑆) 
Equation 29 Coefficient of human inequality 
𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 ℎ𝑢𝑚𝑎𝑛 𝑖𝑛𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦 =
𝐴𝐿𝐸𝐵 +  𝐴𝑀𝑌𝑆 + 𝐴𝐼𝑛𝑐𝑜𝑚𝑒 
3
 
Equation 30 Loss in HDI due to inequality 
𝐿𝑜𝑠𝑠 = 1 −  ((1 − 𝐴𝐿𝐸𝐵) ∗ (1 − 𝐴𝑀𝑌𝑆) ∗ (1 −  𝐴𝐼𝑛𝑐𝑜𝑚𝑒))
1
3 
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Appendix 3-E 
Figure 44 presents a comparison of scaling factors used in scaling Grimm et al. [24] data to the 
focus year for quintile HDI and sub-index values. 
 
Figure 44 Comparison of scaling factors from Grimm et al. [24] data to the focus year for quintile HDI (panel A), incomes 
(panel B), LEB (panel C) and the education sub index (panel D). Guinea is in red. 
The comparison of scaling factors for the overall HDI and each sub-index presented in Figure 44 
shows that Guinea has an income scaling factor of nine, which is well outside the range of 
scaling factors observed for any other country and index (the next closest is 2).   
A B) 
C) D) 
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Appendix 3-F 
Lengthy discussions by both Chakravarty et al. [23] and Chancel and Piketty [13] fail to 
adequately differentiate CO2 emissions to income elasticity and CO2 emissions to consumption 
expenditure elasticity. It is worth separating and unpacking both terms to clarify our method and 
underlying assumptions. Chakravarty et al. report CO2 emissions to consumption expenditure 
elasticities from Lenzen [29], Wier et al. [32], Peters et al. [323], Roca and Serrano [31], and 
Weber and Matthews [35]. Both Chakravarty et al. and later Chancel and Piketty refer to the CO2 
emissions to consumption expenditure elasticities when choosing CO2 emissions to income 
elasticities for their analyses.  
Discussions of expenditure-emissions elasticities, when setting model income-emissions 
elasticities is confusing, especially in light of the availability of differently ranged income-
emissions elasticities in the Chakravarty et al. [23] surveyed literature. The income-emissions 
elasticities reported in the literature have a much lower range (0.35 to 0.55) [29, 32, 35] than 
reported expenditure-emissions elasticities (0.6 to 1.0) [29, 31, 32, 35, 323]. Notably, 
Chakravarty et al.’s survey of literature containing expenditure-energy elasticities returns a range 
of 0.4 to 1 [29, 30, 32, 156, 324-327].    
A few initial observations might be made for why expenditure-emissions elasticities are used in 
place of income-emissions elasticities in guiding literature [13, 23]. Income is more variable than 
consumption expenditure, harder to track for many self-employed and poorer households, harder 
and more expensive to collect accurate data on, and is prone to underreporting when there are 
incentives to do so [328] – especially among richer households [13, 23]. For such reasons, many 
countries prefer collecting household consumption expenditure data rather than income data 
[328], which leads to a greater availability of household consumption rather than income data 
from which to estimate emissions elasticities. Use of expenditure-emissions elasticities in place 
of income-emissions elasticities appears to represent an expedient method for smoothing out the 
variability and shortcomings of income-emissions elasticities. 
Although not stated by guiding literature [13, 23], a more compelling argument also exists for 
the use of expenditure-emissions elasticities with income based models – even when income-
emissions elasticities are available. Unless the emissions involved with savings are explicitly 
included in income-emissions elasticity accounting, income-emissions elasticities run the risk of 
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missing the emissions involved with investment, which both Roca and Serrano [31] and Chancel 
and Piketty [13] flag as having the potential to be as emissions intensive as consumption. This 
concern extends to the servicing of loans and mortgages on large physical investments, such as 
appliances, cars and houses – the emissions intensity of which may not be visible if accounting 
only notes a financial mechanism rather than what was actually purchased. If one assumes that 
over time an individual’s consumption expenditure will match their income as they attempt to 
maximize their utility function [329] by making financial and physical investments with their 
savings, then the use of expenditure-emissions elasticities with top down income based models 
seems not just reasonable, but appropriate. 
This study has chosen to explicitly align itself with guiding literature [13, 23], by using a single 
income-emissions/energy elasticity that sits on high side of expenditure-emissions and 
expenditure-energy elasticity literature ranges.  The model’s use of a unitary emissions/energy 
elasticity value (e = 1.0) will then be complemented with a sensitivity analysis to check main 
findings. The 0.4 value selected for the low range of the sensitivity analysis nears the lower end 
of literature reported income-emissions elasticity values. The 1.6 value selected for the upper 
range of the sensitivity analysis spreads the range evenly around 1.0 and follows on from 
Chancel and Piketty’s selection of a 1.5 value for the upper range of their sensitivity analysis, as 
well Ravillion et al. [144] and Grubler and Pachauri’s139 [143] acknowledgement of the potential 
for expenditure-emissions values in excess of 1.5.  
                                                 
139
 They also mix income-emissions and expenditure-emissions elasticity nomenclature without explanation. 
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Appendix 3-G 
In the course of the modelling process a number of parameter were experimented with to 
determine the best model. Allowed values of model parameters are shown in Table 28.  
Table 28 Parameters varying in the modelling process 
Parameter Allowed values 
Number of regression predictor variables (see Table 29 for list of variables) 1 – 3  
Methods for quintile HDI estimation 
1. using predictions for LEB and GNI and the education index 
2. using predictions for income, health and education indices 
1 – 2 
Country clusters (see methods used in Table 30) 1 – 4 
 
As listed in Table 28, regression predictor variables were allowed to vary to as many as three of 
the HDI and IHDI variables listed in Table 29.
140
  
Table 29 Core HDI and IHDI variables available from UNDP [25] considered in the analysis 
HDI variables [25] IHDI variables [25] 
life expectancy at birth (LEB), mean years of schooling 
(MYS), expected years of schooling (EYS), gross national 
income (GNI), health index (IHealth), education index 
(IEducation), income index (IIncome), HDI 
Atkinson health measure (AHealth), Atkinson, education measure 
(AEducation), Atkinson income measure (AIncome), inequality 
adjusted health index (I*Health), inequality adjusted education 
index (I*Education), inequality adjusted income index (I*Income), 
Loss due to inequality (Loss), IHDI 
 
Appendix 3-D provides the formulas used in 2015/2016 HDRs [18] for estimating each sub-
index (IHealth, IEducation, IIncome) listed in Table 29 as well as the overall HDI. The first column of Table 
29 also lists LEB, MYS, EYS and GNI, which represent characteristic metrics observed or 
estimated for each national population. The Atkinson inequality measures listed in the second 
column of Table 29, (AHealth, AEducation, AIncome) reflect within country inequality estimated using 
national survey data covering health, education and income topics.
141
 Appendix 3-D also 
provides formulas for the other variables listed in column two of Table 29, which include the 
IHDI, its sub-indices (I*Health, I*Education, I*Income) and the loss due to inequality (Loss).  
                                                 
140
 Predictor variables were capped at three based on a goal of having the simplest model, as well practical limits of 
certain combinations of variables when using certain R script functions.  
141
 All Atkinson inequality measures are estimated using an inequality aversion parameter set to 1. More information 
on the Atkinson inequality measures and the surveys used to generate the distributions can be found in the additional 
material provided with the UNDP’s [18] 2016 Human Development Report.  
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For each model created using a set of predictor variables selected from the list of variables in 
Table 29, the quintile HDI score is estimated using two different methods. In the first method, 
the imputed values of LEB, GNI, and IEducation are used to estimate the quintile HDI score. In the second 
method, the imputed values for IHealth, IEducation, and IIncome are used to estimate the quintile HDI score. 
Both estimation methods use the 2015/2016 UNDP [18] methodology shown in Appendix 3-D. 
Direct HDI imputation was not included in the list as it didn’t allow income to be directly 
determined from the model, which is required for model GHG estimation.  
Table 28 also lists country clusters as a varied parameter. The starting point of the study is to 
consider simple models which use the Grimm et al. [24] results for 32 nations to estimate 
quintile HDI scores uniformly for all countries of the world. However, the analysis recognized 
that model performance might be able to be improved by recognizing not only the inequality 
within countries contained in the Grimm et al. country set, but also the insights into the 
inequality between countries that the UNDP dataset offers. Clustering was chosen as a way to 
systematically group countries for use in later modelling steps. Clustering techniques and related 
R packages considered in this analysis are listed in Table 30.  
Table 30 Clustering techniques and R packages considered in the analysis [141, 330, 331] 
Clustering techniques,  R package: [function], (parameters) 
No clustering NA 
Hierarchical agglomeration  cluster: [ daisy, agnes], (euclidean, ward) [331]  
Relocation  cluster: [daisy, pam] [331]  
Gaussian mixture modelling  mclust: [mclustBIC, Mclust] [330] 
 
Table 30 lists a small selection of the profusion of clustering techniques that exist to search for 
sub-groups in data [332]. Hierarchical agglomeration and relocation are two techniques 
commonly used to cluster data [333]. Hierarchical agglomeration was used by Grimm et al. [24] 
to explore country clusters arising within their results. Hierarchical agglomeration was also 
recently applied to HDI analysis by Abad-González and Martínez [334] who use their results to 
suggest a less arbitrary way of defining HDR development categories. Hierarchical 
agglomeration clustering appears particularly useful when the number of clusters to be formed is 
unknown (or exploratory) and allows the user to determine the number of clusters after running 
the algorithm. Relocation clustering techniques appear less useful to this exploration as they 
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require the user to specify the number of clusters to be resolved from data before the algorithm is 
run.  
Despite the apparent utility of hierarchical agglomeration clustering for exploratory analysis, 
Fraley and Raftery [333] point out that it provides no guidance on how many clusters should 
arise from the data. In order to clarify the process of choosing the number of clusters to which 
data should resolve, Gaussian mixture modelling (GMM) based on the expectation-maximization 
algorithm [333, 335] was selected for use in this study. Figure 45 provides an example of the 
feedback provided by the GMM package [330] used in this analysis on the number of clusters 
that can be resolved from an analysis using the 188 countries for which 2010 IHealth, IEducation, 
IIncome variables are available.  
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Figure 45 Feedback provided by the GMM clustering package used in this analysis on the number of clusters that can be 
resolved from an analysis using the 188 countries and specified variables (IHealth, IEducation, IIncome) 
Figure 45 indicates that a three cluster resolution of the 188 country set using IHealth, IEducation, 
IIncome variables and the VVE model parameterization
142
 available in the package has the highest 
Bayesian Information Criterion (BIC).  Better clustering model performance is associated with 
higher BIC values [335]. A three cluster solution using different model parameters (VEE) and a 
two cluster solution using the same model parameters return the second and third highest BIC 
values. Table 31 shows clustering results when using  IHealth, IEducation, IIncome variables, three 
clusters and the model parameterization (VVE) identified with the best BIC value in the full 
country analysis. The results in Table 31 also indicate the results of a GMM clustering analysis 
when using the IHealth, IEducation, IIncome  variables and only the Grimm et al. [24] country set. 
Table 31 Results of GMM clustering analysis when using both the 188 country set and the Grimm et al. [24] 32 country 
set for 2010 and specified variables (IHealth, IEducation, IIncome) 
Major area, region, country or area 188 country cluster 32 country 
cluster 
Major area, region, country or 
area 
188 country cluster 32 country 
cluster 
Afghanistan 1  Lesotho 1  
Albania 2  Liberia 1  
                                                 
142
 For a description of how models are parameterized, see Fraley and Rafferty [333]. 
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Major area, region, country or area 188 country cluster 32 country 
cluster 
Major area, region, country or 
area 
188 country cluster 32 country 
cluster 
Algeria 2  Libya 2  
Andorra 2  Liechtenstein 2  
Angola 1  Lithuania 2  
Antigua and Barbuda 2  Luxembourg 3  
Argentina 2  Madagascar* 1 1 
Armenia 2  Malawi 1  
Australia* 3 3 Malaysia 2  
Austria 3  Maldives 2  
Azerbaijan 2  Mali 1  
Bahamas 2  Malta 2  
Bahrain 2  Mauritania 1  
Bangladesh 1  Mauritius 2  
Barbados 2  Mexico 2  
Belarus 2  Micronesia Fed. States of 2  
Belgium 3  Mongolia 2  
Belize 2  Montenegro 2  
Benin 1  Morocco 2  
Bhutan 1  Mozambique* 1 1 
Bolivia Plurinational State of* 2 1 Myanmar 1  
Bosnia and Herzegovina 2  Namibia 1  
Botswana 1  Nepal 1  
Brazil* 2 2 Netherlands* 3 3 
Brunei Darussalam 2  New Zealand 3  
Bulgaria 2  Nicaragua* 2 2 
Burkina Faso* 1 1 Niger 1  
Burundi 1  Nigeria 1  
Cabo Verde 2  Norway 3  
Cambodia 1  Oman 2  
Cameroon* 1 1 Pakistan 1  
Canada* 3 3 Palau 2  
Central African Republic 1  Panama 2  
Chad 1  Papua New Guinea 1  
Chile 2  Paraguay* 2 2 
China 2  Peru* 2 2 
China, Hong Kong SAR 3  Philippines 2  
Colombia* 2 2 Poland* 2 2 
Comoros 1  Portugal 2  
Congo 1  Qatar 2  
Costa Rica 2  Republic of Korea 3  
Cote d'Ivoire* 1 1 Republic of Moldova 2  
Croatia 2  Romania 2  
Cuba 2  Russian Federation 2  
Cyprus 3  Rwanda 1  
Czech Republic 3  Saint Kitts and Nevis 2  
Democratic Republic of the Congo 1  Saint Lucia 2  
Denmark 3  Saint Vincent and the Grenadines 2  
Djibouti 1  Samoa 2  
Dominica 2  Sao Tome and Principe 1  
Dominican Republic 2  Saudi Arabia 2  
Ecuador 2  Senegal 1  
Egypt 2  Serbia 2  
El Salvador 2  Seychelles 2  
Equatorial Guinea 1  Sierra Leone 1  
Eritrea 1  Singapore 3  
Estonia 2  Slovakia 2  
Ethiopia* 1 1 Slovenia 3  
Fiji 2  Solomon Islands 1  
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Major area, region, country or area 188 country cluster 32 country 
cluster 
Major area, region, country or 
area 
188 country cluster 32 country 
cluster 
Finland* 3 3 South Africa* 1 1 
France* 3 3 South Sudan 1  
Gabon 1  Spain* 3 3 
Gambia 1  Sri Lanka 2  
Georgia 2  State of Palestine 2  
Germany* 3 3 Sudan 1  
Ghana* 1 1 Suriname 2  
Greece 3  Swaziland 1  
Grenada 2  Sweden* 3 3 
Guatemala* 2 2 Switzerland 3  
Guinea-Bissau 1  Syrian Arab Republic 2  
Guinea* 1 1 Tajikistan 2  
Guyana 2  TFYR Macedonia 2  
Haiti 1  Thailand 2  
Honduras 2  Timor-Leste 1  
Hungary 2  Togo 1  
Iceland 3  Tonga 2  
India* 1 2 Trinidad and Tobago 2  
Indonesia* 2 2 Tunisia 2  
Iran Islamic Republic of 2  Turkey 2  
Iraq 2  Turkmenistan 1  
Ireland 3  Uganda 1  
Israel 3  Ukraine 2  
Italy* 3 3 United Arab Emirates 2  
Jamaica 2  United Kingdom 3  
Japan 3  United Republic of Tanzania 1  
Jordan 2  United States of America* 3 3 
Kazakhstan 2  Uruguay 2  
Kenya 1  Uzbekistan 2  
Kiribati 2  Vanuatu 2  
Kuwait 2  Venezuela Bolivarian Republic of 2  
Kyrgyzstan* 2 1 Viet Nam* 2 2 
Lao People's Democratic Republic 1  Yemen 1  
Latvia 2  Zambia* 1 1 
Lebanon 2  Zimbabwe 1  
 
By comparing the overlap between cluster results for the Grimm et al. [24] and larger country 
sets in Table 31, the study was able to get a rough measure of the extent to which the three 
Grimm et al. clusters used to create the model align with much larger country clusters observed 
in the final output of the model. In this case, three countries (Bolivia, Kyrgyzstan, India) of 32 
were grouped in different clusters providing 91% overlap between the two sets and suggesting 
fairly good alignment between the two groups. 
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Appendix 3-H 
Table 32 shows results for the small set of models selected for further consideration after 
applying the model performance criteria. Table 33 provides a key to the variable identifiers listed 
in the second column of Table 32. 
Table 32 Results for the small set of models selected for further consideration after applying model performance criteria. 
Results are ordered by decreasing selection criterion. 
Mode
l ID 
Variables (see 
Table 33) 
Methods 
for quintile 
HDI 
estimation* 
Clusters Overlap 
** 
Model
s with 
p-
value < 
0.05  
Models 
with p-
value > 
0.05 
Average 
adjusted 
r2 value 
Quintile 
HDI 
differences  
(of 155) *** 
Mean HDI 
difference
s **** 
Mean GNI 
difference
s ***** 
Countrie
s in final 
analysis 
****** 
Selectio
n 
criterion 
A1 hdi + ii 3 1  100  15 0  0.898  9 0 5 180  0.930  
E1 hdi + ei + ii 3 1  100  15 0  0.959  10 0 1 180  0.915  
G1 hdi + ii + mys 3 1  100  15 0  0.947  10 0 3 180  0.914  
I1 hi + ei + ii 3 1  100  15 0  0.963  11 0 2 180  0.913  
K1 ei + ii + leb 3 1  100  15 0  0.963  11 0 2 180  0.913  
H1 hdi + ii + gni 3 1  100  15 0  0.904  7 0 9 180  0.913  
B1 ii 3 1  100  15 0  0.815  36 41 4 180  0.912  
D1 hdi + hi + ii 3 1  100  15 0  0.961  11 0 5 180  0.911  
F1 hdi + ii + leb 3 1  100  15 0  0.961  11 0 5 180  0.911  
J1 hi + ii + mys 3 1  100  15 0  0.956  12 3 2 180  0.909  
M1 ii + leb + mys 3 1  100  15 0  0.956  12 3 2 180  0.909  
L1 hi + ii + eys 3 1  100  15 0  0.944  14 3 3 180  0.906  
N1 ii + leb + eys 3 1  100  15 0  0.944  14 3 3 180  0.906  
F2 hdi + ii + leb 3 2  72  30 0  0.922  5 0 0 180  0.873  
G2 hdi + ii + mys 3 2  69  30 0  0.904  5 0 0 180  0.873  
D2 hdi + hi + ii 3 2  78  30 0  0.914  6 0 0 180  0.871  
E2 hdi + ei + ii 3 2  69  30 0  0.912  5 0 2 180  0.871  
A2 hdi + ii 3 2  75  27 3  0.745  4 0 0 180  0.871  
I2 hi + ei + ii 3 2  69  30 0  0.924  6 0 1 180  0.871  
J2 hi + ii + mys 3 2  69  30 0  0.907  5 2 1 180  0.870  
H2 hdi + ii + gni 3 2  100  30 0  0.805  7 4 0 180  0.867  
K2 ei + ii + leb 3 2  59  29 1  0.916  4 0 2 180  0.866  
M2 ii + leb + mys 3 2  63  29 1  0.908  4 2 1 180  0.865  
L2 hi + ii + eys 3 2  63  29 1  0.885  6 6 0 180  0.860  
N2 ii + leb + eys 3 2  63  29 1  0.885  6 6 0 180  0.860  
E3 hdi + ei + ii 3 3  75  42 3  0.872  4 0 0 180  0.844  
G3 hdi + ii + mys 3 3  81  42 3  0.862  6 0 0 180  0.841  
B2 ii 3 2  75  26 4  0.629  33 40 4 180  0.840  
D3 hdi + hi + ii 3 3  94  41 4  0.845  4 0 0 180  0.839  
F3 hdi + ii + leb 3 3  94  41 4  0.845  4 0 0 180  0.839  
I3 hi + ei + ii 3 3  94  41 4  0.854  4 0 0 180  0.839  
K3 ei + ii + leb 3 3  88  41 4  0.853  4 0 0 180  0.839  
N3 ii + leb + eys 3 3  97  41 4  0.808  5 11 0 180  0.829  
J3 hi + ii + mys 3 3  72  38 7  0.796  4 2 0 180  0.824  
M3 ii + leb + mys 3 3  94  38 7  0.796  4 2 0 180  0.824  
L3 hi + ii + eys 3 3  56  40 5  0.905  6 8 9 180  0.818  
C1 hdi + ai 3 1  100  15 0  0.889  11 0 94 132  0.799  
H3 hdi + ii + gni 3 3  91  33 12  0.713  5 3 3 180  0.798  
J4 hi + ii + mys 3 4  53  42 18  0.887  2 5 2 180  0.786  
E4 hdi + ei + ii 3 4  72  36 24  0.828  2 0 11 180  0.762  
B4 ii 3 4  81  28 32  0.366  32 43 0 180  0.737  
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Mode
l ID 
Variables (see 
Table 33) 
Methods 
for quintile 
HDI 
estimation* 
Clusters Overlap 
** 
Model
s with 
p-
value < 
0.05  
Models 
with p-
value > 
0.05 
Average 
adjusted 
r2 value 
Quintile 
HDI 
differences  
(of 155) *** 
Mean HDI 
difference
s **** 
Mean GNI 
difference
s ***** 
Countrie
s in final 
analysis 
****** 
Selectio
n 
criterion 
B3 ii 3 3  81  16 29  0.357  28 40 1 180  0.730  
C2 hdi + ai 3 2  100  25 5  0.576  6 0 94 132  0.722  
C3 hdi + ai 3 3  50  37 8  0.633  6 0 98 132  0.699  
*   1. direct HDI prediction, 2. using predictions for LEB and GNI and the education index, 3. using predictions for income, health and education indices 
**  Overlap of clustering achieved with full and Grimm only country sets (%) 
***  Number of quintile HDIs with more than 10% difference with scaled Grimm et. Al results (of 31*5 = 155) 
****  Number of mean HDIs with more than 10% difference with UNDP 2010 national HDIs (2015) 
***** Number of mean GNIs with more than 10% difference with UNDP 2010 national GNIs (2015) 
****** There is both HDI and territorial emissions data available for the country. Results showing IHDI and consumption-based emissions accounting results will include fewer countries 
 
Table 33 Variables used in analysis for clustering and as predictors in linear modelling, all from UNDP [25] data set 
Variable Description 
hdi HDI  
hi Health index  
ei Education index  
ii Income index  
ihdi IHDI  
ihi Inequality adjusted health index  
iei Inequality adjusted education index  
iii Inequality adjusted income index  
ah Loss in health due to inequality (Atkinson)  
ae Loss in education due to inequality (Atkinson)  
ai Loss in income due to inequality (Atkinson)  
loss Loss due to inequality  
leb Life expectancy at birth (LEB) 
mys Mean years of schooling (MYS) 
eys Expected years of schooling (EYS) 
gni Gross national income in $ PPP 2011 (GNI) 
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Appendix 3-I 
Indicators related to the statistical performance for linear regressions used as part of the A1 
model are shown in Table 34. 
Table 34 Indicators related to the statistical performance for linear regressions used as part of the A1 model 
Cluster Quintile Fitted variable Countries used (of 32) Adjusted R-squared 
value 
F-statistic for 
model 
P-value for model P-value < 0.05 
1 1 Income index Q1 31 0.91 144 1.87E-15 Yes 
1 2 Income index Q2 31 0.96 396 2.96E-21 Yes 
1 3 Income index Q3 31 0.99 1109 2.18E-27 Yes 
1 4 Income index Q4 31 0.99 2268 1.07E-31 Yes 
1 5 Income index Q5 31 0.97 465 3.32E-22 Yes 
1 1 Health index Q1 31 0.76 47 1.01E-09 Yes 
1 2 Health index Q2 31 0.88 107 8.13E-14 Yes 
1 3 Health index Q3 31 0.83 72 9.89E-12 Yes 
1 4 Health index Q4 31 0.80 60 7.20E-11 Yes 
1 5 Health index Q5 31 0.79 57 1.39E-10 Yes 
1 1 Education index Q1 31 0.91 161 4.46E-16 Yes 
1 2 Education index Q2 31 0.93 191 4.82E-17 Yes 
1 3 Education index Q3 31 0.93 207 1.69E-17 Yes 
1 4 Education index Q4 31 0.93 209 1.47E-17 Yes 
1 5 Education index Q5 31 0.91 156 6.80E-16 Yes 
 
Table 35 presents a comparison of model quintile HDI values with scaled Grimm et al. [24] 
quintile HDIs for 2012.  
Table 35 Comparison of Grimm et al. [24] results scaled to 2012 with model performance for A1 run - 1 cluster, using 
2012 HDI and income index variables, and estimating quantile HDIs using imputed HDI sub-indices (over 10% and 5% 
difference) 
Nation Cluster 
HDI for GRIMM eat al. [24] quintiles scaled to 2012 2012 Quintile HDIs from model Difference 
Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5 
Mozambique* 1 0.200 0.312 0.351 0.398 0.496 0.142 0.290 0.353 0.414 0.540 29% 7% -1% -4% -9% 
Burkina Faso* 1 0.252 0.308 0.349 0.388 0.517 0.190 0.293 0.349 0.412 0.514 25% 5% 0% -6% 1% 
Ethiopia* 1 0.291 0.343 0.394 0.439 0.562 0.205 0.322 0.381 0.439 0.557 30% 6% 3% 0% 1% 
Cote d'Ivoire* 1      0.170 0.297 0.358 0.418 0.538      
Zambia* 1 0.338 0.399 0.414 0.499 0.525 0.286 0.367 0.417 0.477 0.559 16% 8% -1% 4% -6% 
Cameroon* 1 0.405 0.483 0.527 0.570 0.675 0.411 0.490 0.538 0.586 0.673 -2% -2% -2% -3% 0% 
Ghana* 1 0.381 0.442 0.484 0.517 0.584 0.335 0.419 0.469 0.523 0.613 12% 5% 3% -1% -5% 
Madagascar* 1 0.399 0.493 0.545 0.589 0.698 0.417 0.496 0.543 0.591 0.678 -4% -1% 0% 0% 3% 
India* 1 0.266 0.406 0.458 0.527 0.648 0.292 0.404 0.460 0.509 0.636 -10% 0% 0% 3% 2% 
South Africa* 1 0.418 0.498 0.561 0.617 0.712 0.458 0.531 0.576 0.623 0.699 -9% -7% -3% -1% 2% 
Kyrgyzstan* 1 0.487 0.577 0.632 0.665 0.729 0.532 0.591 0.633 0.684 0.725 -9% -2% 0% -3% 1% 
Guatemala* 1 0.517 0.583 0.623 0.642 0.749 0.482 0.569 0.615 0.649 0.758 7% 3% 1% -1% -1% 
Nicaragua* 1 0.417 0.511 0.583 0.654 0.712 0.479 0.546 0.590 0.639 0.701 -15% -7% -1% 2% 1% 
Viet Nam* 1 0.390 0.526 0.577 0.627 0.742 0.485 0.562 0.607 0.648 0.734 -25% -7% -5% -3% 1% 
Bolivia 1 0.559 0.614 0.659 0.685 0.749 0.527 0.603 0.646 0.684 0.769 6% 2% 2% 0% -3% 
Indonesia* 1 0.485 0.578 0.630 0.682 0.781 0.525 0.598 0.641 0.681 0.759 -8% -4% -2% 0% 3% 
Paraguay* 1 0.548 0.614 0.649 0.698 0.781 0.555 0.619 0.661 0.705 0.762 -1% -1% -2% -1% 2% 
Colombia* 1 0.511 0.600 0.643 0.719 0.765 0.551 0.620 0.662 0.702 0.772 -8% -3% -3% 2% -1% 
Peru* 1 0.545 0.629 0.672 0.721 0.800 0.597 0.658 0.699 0.741 0.792 -9% -5% -4% -3% 1% 
Brazil* 1 0.484 0.624 0.740 0.787 0.831 0.614 0.678 0.719 0.756 0.815 -27% -9% 3% 4% 2% 
Poland* 1 0.516 0.650 0.739 0.798 0.845 0.624 0.683 0.723 0.764 0.807 -21% -5% 2% 4% 4% 
Germany* 1 0.757 0.800 0.826 0.855 0.901 0.742 0.797 0.835 0.866 0.903 2% 0% -1% -1% 0% 
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Nation Cluster 
HDI for GRIMM eat al. [24] quintiles scaled to 2012 2012 Quintile HDIs from model Difference 
Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3 Q4 Q5 
Italy* 1 0.856 0.890 0.922 0.946 0.962 0.838 0.886 0.922 0.951 0.963 2% 0% 0% 0% 0% 
Spain* 1 0.808 0.843 0.871 0.902 0.924 0.789 0.839 0.875 0.908 0.930 2% 0% -1% -1% -1% 
USA* 1 0.801 0.839 0.873 0.903 0.930 0.785 0.837 0.873 0.905 0.931 2% 0% 0% 0% 0% 
Finland* 1 0.825 0.886 0.922 0.954 0.961 0.835 0.881 0.917 0.949 0.956 -1% 1% 1% 1% 0% 
France* 1 0.839 0.863 0.885 0.910 0.920 0.802 0.851 0.887 0.920 0.937 4% 1% 0% -1% -2% 
Netherlands* 1 0.828 0.863 0.885 0.910 0.929 0.801 0.851 0.887 0.919 0.939 3% 1% 0% -1% -1% 
Sweden* 1 0.868 0.901 0.923 0.948 0.956 0.842 0.890 0.925 0.954 0.966 3% 1% 0% -1% -1% 
Canada* 1 0.857 0.884 0.902 0.925 0.934 0.822 0.870 0.905 0.937 0.952 4% 2% 0% -1% -2% 
Australia* 1 0.850 0.886 0.911 0.936 0.942 0.826 0.875 0.911 0.941 0.957 3% 1% 0% 0% -2% 
 
It can be seen looking at Table 35 that predictions for first quintile HDIs perform the worst, with 
nine values showing a difference of more than 10% with the Grimm et al. [24] value. HDI values 
with more than a 5% difference are highlighted in green. The model predicts less accurately for 
the first and second quintiles in poorer countries. This is unsurprising as the both the use of 
logarithmic functions and the minimum income discussed in Appendix 3-C introduce greater 
error into the estimation of the income index for poorer quintiles. The change in UNDP 
education sub-index methodology starting in 2010 that this analysis is unable to account for – 
particularly in moving from adult literacy levels to mean years of schooling – is also expected to 
be a potential large source of error especially in poorer populations and nations.  
Table 36 presents a comparison of A1 model mean national GNIs and HDIs with 2012 GNI and 
HDI metrics reported by the UNDP [25]. 
Table 36 Comparison of UNDP [25] reported GNI and HDI metrics for 2012 with A1 model mean national GNIs and 
HDIs  - 1 cluster, using 2012 HDI and income index variables, and estimating quantile HDIs using imputed HDI sub-
indices (over 10% and 5% difference) 
Nation Cluster GNI 2012 (model 
mean) 
GNI 2012 
(UNDP) 
GNI difference HDI 2012 (model 
mean) 
HDI 2012 
(UNDP) 
HDI difference 
Afghanistan 1  $1,911   $1,850  3.28%  0.475   0.470  0.95% 
Albania 1  $9,259   $9,722  4.76%  0.759   0.759  0.06% 
Algeria 1  $12,368   $13,060  5.30%  0.738   0.737  0.08% 
Andorra 1  $41,893   $43,854  4.47%  0.840   0.843  0.39% 
Angola 1  $5,886   $6,018  2.20%  0.519   0.523  0.69% 
Antigua and Barbuda 1  $18,662   $19,705  5.29%  0.781   0.781  0.02% 
Argentina 1  $19,390   $20,341  4.67%  0.824   0.823  0.07% 
Armenia 1  $7,212   $7,552  4.51%  0.736   0.736  0.00% 
Australia* 1  $40,459   $41,255  1.93%  0.934   0.933  0.12% 
Austria 1  $42,717   $44,200  3.36%  0.886   0.887  0.08% 
Azerbaijan 1  $13,881   $14,670  5.38%  0.745   0.745  0.04% 
Bahamas 1  $20,932   $22,092  5.25%  0.790   0.790  0.06% 
Bahrain 1  $33,561   $35,340  5.03%  0.812   0.815  0.37% 
Bangladesh 1  $2,917   $2,943  0.89%  0.568   0.565  0.47% 
Barbados 1  $14,192   $14,926  4.92%  0.793   0.792  0.09% 
Belarus 1  $15,606   $16,418  4.95%  0.797   0.796  0.09% 
Belgium 1  $40,177   $41,552  3.31%  0.889   0.889  0.03% 
Belize 1  $7,034   $7,368  4.53%  0.707   0.706  0.14% 
Benin 1  $1,843   $1,779  3.57%  0.471   0.466  0.98% 
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Nation Cluster GNI 2012 (model 
mean) 
GNI 2012 
(UNDP) 
GNI difference HDI 2012 (model 
mean) 
HDI 2012 
(UNDP) 
HDI difference 
Bhutan 1  $6,335   $6,567  3.53%  0.589   0.589  0.06% 
Bolivia Plurinational State of* 1  $5,228   $5,433  3.78%  0.662   0.661  0.20% 
Bosnia and Herzegovina 1  $8,959   $9,417  4.86%  0.736   0.735  0.12% 
Botswana 1  $13,220   $13,996  5.54%  0.692   0.693  0.19% 
Brazil* 1  $13,685   $14,472  5.44%  0.734   0.734  0.01% 
Brunei Darussalam 1  $75,835   $78,888  3.87%  0.850   0.860  1.19% 
Bulgaria 1  $14,566   $15,345  5.08%  0.782   0.781  0.09% 
Burkina Faso* 1  $1,566   $1,460  7.23%  0.396   0.392  1.07% 
Burundi 1  $791   $714  10.73%  0.400   0.398  0.58% 
Cabo Verde 1  $5,676   $5,903  3.84%  0.645   0.643  0.29% 
Cambodia 1  $2,643   $2,647  0.14%  0.549   0.546  0.56% 
Cameroon* 1  $2,647   $2,621  1.00%  0.505   0.501  0.75% 
Canada* 1  $39,952   $41,068  2.72%  0.910   0.909  0.06% 
Central African Republic 1  $1,013   $916  10.64%  0.376   0.370  1.52% 
Chad 1  $2,031   $1,913  6.15%  0.387   0.387  0.11% 
Chile 1  $19,387   $20,306  4.53%  0.832   0.831  0.08% 
China 1  $10,414   $10,981  5.17%  0.714   0.713  0.12% 
China, Hong Kong SAR 1  $49,677   $51,067  2.72%  0.906   0.907  0.08% 
Colombia* 1  $10,776   $11,369  5.22%  0.713   0.712  0.10% 
Comoros 1  $1,406   $1,352  3.98%  0.492   0.490  0.35% 
Congo 1  $4,739   $4,864  2.57%  0.578   0.576  0.36% 
Costa Rica 1  $12,658   $13,343  5.13%  0.763   0.762  0.10% 
Cote d'Ivoire* 1  $2,727   $2,664  2.38%  0.454   0.452  0.40% 
Croatia 1  $18,650   $19,581  4.76%  0.818   0.817  0.08% 
Cuba 1  $6,722   $7,014  4.16%  0.770   0.773  0.34% 
Cyprus 1  $29,394   $30,712  4.29%  0.850   0.850  0.02% 
Czech Republic 1  $25,497   $26,534  3.91%  0.866   0.865  0.08% 
Democratic Republic of the Congo 1  $671   $604  11.04%  0.409   0.412  0.64% 
Denmark 1  $43,128   $44,106  2.22%  0.925   0.924  0.08% 
Djibouti 1  $2,914   $2,865  1.72%  0.466   0.464  0.39% 
Dominica 1  $9,102   $9,575  4.94%  0.722   0.721  0.15% 
Dominican Republic 1  $10,504   $11,079  5.19%  0.710   0.709  0.11% 
Ecuador 1  $9,660   $10,170  5.02%  0.726   0.725  0.14% 
Egypt 1  $9,341   $9,834  5.01%  0.682   0.681  0.11% 
El Salvador 1  $7,094   $7,428  4.50%  0.676   0.675  0.22% 
Equatorial Guinea 1  $20,165   $21,385  5.70%  0.563   0.586  4.12% 
Eritrea 1  $1,541   $1,449  6.37%  0.419   0.414  1.20% 
Estonia 1  $23,310   $24,304  4.09%  0.857   0.856  0.08% 
Ethiopia* 1  $1,313   $1,231  6.65%  0.432   0.427  1.16% 
Fiji 1  $6,962   $7,290  4.49%  0.720   0.719  0.07% 
Finland* 1  $38,356   $39,694  3.37%  0.887   0.887  0.01% 
France* 1  $36,469   $37,743  3.37%  0.887   0.887  0.02% 
Gabon 1  $15,336   $16,271  5.74%  0.674   0.678  0.61% 
Gambia 1  $1,614   $1,538  4.93%  0.450   0.445  1.09% 
Georgia 1  $7,461   $7,810  4.46%  0.754   0.755  0.08% 
Germany* 1  $43,008   $44,058  2.38%  0.920   0.919  0.06% 
Ghana* 1  $3,420   $3,472  1.50%  0.573   0.570  0.51% 
Greece 1  $24,056   $25,061  4.01%  0.861   0.860  0.08% 
Grenada 1  $10,042   $10,567  4.97%  0.747   0.746  0.12% 
Guatemala* 1  $6,423   $6,679  3.83%  0.612   0.611  0.18% 
Guinea* 1  $1,207   $1,118  7.98%  0.411   0.406  1.30% 
Guinea-Bissau 1  $1,419   $1,329  6.75%  0.420   0.415  1.25% 
Guyana 1  $6,118   $6,369  3.93%  0.635   0.633  0.28% 
Haiti 1  $1,653   $1,597  3.48%  0.487   0.483  0.75% 
Honduras 1  $4,126   $4,242  2.74%  0.616   0.614  0.34% 
Hungary 1  $20,382   $21,384  4.68%  0.825   0.824  0.06% 
Iceland 1  $33,792   $34,764  2.80%  0.908   0.907  0.10% 
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Nation Cluster GNI 2012 (model 
mean) 
GNI 2012 
(UNDP) 
GNI difference HDI 2012 (model 
mean) 
HDI 2012 
(UNDP) 
HDI difference 
India* 1  $4,639   $4,776  2.86%  0.601   0.599  0.40% 
Indonesia* 1  $8,579   $9,017  4.86%  0.678   0.677  0.15% 
Iran Islamic Republic of 1  $15,719   $16,596  5.29%  0.769   0.769  0.04% 
Iraq 1  $13,657   $14,462  5.57%  0.655   0.659  0.62% 
Ireland 1  $36,712   $37,824  2.94%  0.903   0.902  0.07% 
Israel 1  $29,064   $30,043  3.26%  0.892   0.891  0.10% 
Italy* 1  $33,447   $34,722  3.67%  0.876   0.876  0.02% 
Jamaica 1  $7,937   $8,329  4.70%  0.728   0.727  0.11% 
Japan 1  $34,942   $36,089  3.18%  0.895   0.894  0.06% 
Jordan 1  $9,616   $10,118  4.96%  0.738   0.737  0.13% 
Kazakhstan 1  $18,843   $19,895  5.29%  0.782   0.782  0.02% 
Kenya 1  $2,661   $2,662  0.05%  0.544   0.541  0.60% 
Kiribati 1  $2,582   $2,606  0.94%  0.590   0.589  0.09% 
Kuwait 1  $78,681   $83,050  5.26%  0.774   0.796  2.78% 
Kyrgyzstan* 1  $2,713   $2,766  1.93%  0.643   0.647  0.62% 
Lao People's Democratic Republic 1  $4,119   $4,201  1.94%  0.566   0.563  0.46% 
Latvia 1  $19,378   $20,361  4.83%  0.814   0.814  0.06% 
Lebanon 1  $14,180   $14,961  5.22%  0.767   0.766  0.08% 
Lesotho 1  $2,873   $2,840  1.17%  0.487   0.484  0.61% 
Liberia 1  $737   $669  10.15%  0.418   0.419  0.33% 
Libya 1  $20,425   $21,688  5.83%  0.732   0.735  0.45% 
Liechtenstein 1  $66,474   $68,220  2.56%  0.905   0.908  0.35% 
Lithuania 1  $21,921   $22,962  4.53%  0.835   0.834  0.06% 
Luxembourg 1  $59,431   $61,337  3.11%  0.889   0.892  0.36% 
Madagascar* 1  $1,378   $1,331  3.49%  0.508   0.508  0.04% 
Malawi 1  $1,106   $1,041  6.25%  0.460   0.459  0.31% 
Malaysia 1  $20,692   $21,871  5.39%  0.778   0.779  0.11% 
Maldives 1  $9,262   $9,750  5.00%  0.684   0.683  0.12% 
Mali 1  $2,023   $1,931  4.79%  0.424   0.421  0.78% 
Malta 1  $25,580   $26,845  4.71%  0.828   0.828  0.03% 
Mauritania 1  $3,388   $3,385  0.09%  0.503   0.501  0.44% 
Mauritius 1  $15,796   $16,686  5.33%  0.765   0.765  0.03% 
Mexico 1  $15,254   $16,127  5.41%  0.753   0.753  0.01% 
Micronesia Fed. States of 1  $3,463   $3,554  2.57%  0.641   0.641  0.05% 
Mongolia 1  $8,596   $9,034  4.85%  0.721   0.720  0.15% 
Montenegro 1  $13,381   $14,051  4.77%  0.800   0.799  0.08% 
Morocco 1  $6,444   $6,717  4.06%  0.636   0.634  0.25% 
Mozambique* 1  $1,075   $989  8.65%  0.410   0.405  1.21% 
Myanmar 1  $3,965   $4,020  1.37%  0.542   0.540  0.43% 
Namibia 1  $8,108   $8,488  4.48%  0.625   0.625  0.03% 
Nepal 1  $2,146   $2,132  0.65%  0.547   0.545  0.35% 
Netherlands* 1  $45,610   $46,668  2.27%  0.922   0.922  0.05% 
New Zealand 1  $30,733   $31,607  2.77%  0.909   0.908  0.11% 
Nicaragua* 1  $4,143   $4,269  2.94%  0.632   0.630  0.25% 
Niger 1  $957   $851  12.48%  0.347   0.341  1.59% 
Nigeria 1  $4,960   $5,035  1.49%  0.512   0.514  0.32% 
Norway 1  $63,230   $64,145  1.43%  0.942   0.942  0.05% 
Oman 1  $36,519   $38,595  5.38%  0.790   0.796  0.70% 
Pakistan 1  $4,523   $4,603  1.73%  0.539   0.538  0.22% 
Palau 1  $12,088   $12,712  4.91%  0.780   0.779  0.09% 
Panama 1  $16,250   $17,155  5.27%  0.773   0.773  0.04% 
Papua New Guinea 1  $2,403   $2,374  1.23%  0.510   0.506  0.77% 
Paraguay* 1  $6,519   $6,815  4.34%  0.680   0.679  0.21% 
Peru* 1  $9,657   $10,164  4.99%  0.732   0.731  0.14% 
Philippines 1  $6,945   $7,268  4.44%  0.673   0.671  0.23% 
Poland* 1  $21,178   $22,161  4.44%  0.839   0.838  0.08% 
Portugal 1  $24,129   $25,322  4.71%  0.827   0.827  0.00% 
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Nation Cluster GNI 2012 (model 
mean) 
GNI 2012 
(UNDP) 
GNI difference HDI 2012 (model 
mean) 
HDI 2012 
(UNDP) 
HDI difference 
Qatar 1  $119,569   $124,506  3.97%  0.803   0.843  4.94% 
Republic of Korea 1  $31,162   $32,213  3.26%  0.892   0.891  0.09% 
Republic of Moldova 1  $4,462   $4,626  3.54%  0.685   0.686  0.14% 
Romania 1  $16,630   $17,511  5.03%  0.795   0.794  0.07% 
Russian Federation 1  $22,849   $24,094  5.17%  0.798   0.799  0.08% 
Rwanda 1  $1,519   $1,463  3.80%  0.488   0.485  0.60% 
Saint Kitts and Nevis 1  $18,438   $19,537  5.63%  0.748   0.749  0.19% 
Saint Lucia 1  $9,340   $9,824  4.93%  0.735   0.734  0.13% 
Saint Vincent and the Grenadines 1  $9,454   $9,953  5.01%  0.718   0.717  0.15% 
Samoa 1  $5,234   $5,448  3.94%  0.700   0.700  0.06% 
Sao Tome and Principe 1  $2,880   $2,901  0.72%  0.562   0.559  0.51% 
Saudi Arabia 1  $47,212   $49,563  4.74%  0.824   0.830  0.71% 
Senegal 1  $2,212   $2,158  2.52%  0.478   0.474  0.89% 
Serbia 1  $11,472   $12,073  4.98%  0.767   0.766  0.10% 
Seychelles 1  $20,920   $22,160  5.60%  0.760   0.762  0.24% 
Sierra Leone 1  $1,721   $1,626  5.87%  0.417   0.413  1.05% 
Singapore 1  $71,807   $73,362  2.12%  0.917   0.920  0.33% 
Slovakia 1  $23,955   $25,081  4.49%  0.838   0.838  0.04% 
Slovenia 1  $26,486   $27,473  3.59%  0.879   0.878  0.09% 
Solomon Islands 1  $1,580   $1,536  2.86%  0.511   0.509  0.30% 
South Africa* 1  $11,403   $12,037  5.27%  0.650   0.652  0.35% 
South Sudan 1  $2,154   $2,058  4.65%  0.419   0.417  0.55% 
Spain* 1  $30,263   $31,432  3.72%  0.874   0.874  0.05% 
Sri Lanka 1  $9,335   $9,804  4.79%  0.758   0.757  0.07% 
State of Palestine 1  $5,020   $5,219  3.80%  0.684   0.684  0.02% 
Sudan 1  $3,690   $3,675  0.42%  0.478   0.478  0.06% 
Suriname 1  $14,043   $14,867  5.54%  0.718   0.719  0.08% 
Swaziland 1  $7,108   $7,330  3.02%  0.534   0.539  0.98% 
Sweden* 1  $43,396   $44,671  2.85%  0.904   0.904  0.01% 
Switzerland 1  $54,788   $55,786  1.79%  0.934   0.934  0.00% 
Syrian Arab Republic 1  $4,518   $4,668  3.22%  0.637   0.635  0.27% 
Tajikistan 1  $2,304   $2,328  1.03%  0.614   0.617  0.57% 
TFYR Macedonia 1  $10,741   $11,317  5.09%  0.742   0.741  0.13% 
Thailand 1  $13,237   $13,993  5.40%  0.733   0.733  0.03% 
Timor-Leste 1  $7,307   $7,628  4.21%  0.620   0.620  0.08% 
Togo 1  $1,177   $1,115  5.52%  0.471   0.470  0.26% 
Tonga 1  $4,993   $5,193  3.85%  0.716   0.718  0.28% 
Trinidad and Tobago 1  $24,354   $25,789  5.57%  0.770   0.773  0.33% 
Tunisia 1  $9,531   $10,034  5.01%  0.721   0.720  0.15% 
Turkey 1  $16,730   $17,703  5.49%  0.754   0.754  0.06% 
Turkmenistan 1  $10,667   $11,255  5.23%  0.678   0.678  0.03% 
Uganda 1  $1,690   $1,632  3.55%  0.482   0.478  0.84% 
Ukraine 1  $7,805   $8,181  4.60%  0.744   0.744  0.02% 
United Arab Emirates 1  $57,274   $60,114  4.72%  0.820   0.829  1.07% 
United Kingdom 1  $35,675   $36,791  3.03%  0.900   0.899  0.07% 
United Republic of Tanzania 1  $2,244   $2,215  1.30%  0.517   0.513  0.72% 
United States of America* 1  $50,104   $51,371  2.47%  0.915   0.915  0.04% 
Uruguay 1  $17,006   $17,925  5.13%  0.788   0.788  0.05% 
Uzbekistan 1  $4,663   $4,838  3.62%  0.681   0.681  0.03% 
Vanuatu 1  $2,684   $2,714  1.10%  0.592   0.591  0.13% 
Venezuela Bolivarian Republic of 1  $16,308   $17,223  5.31%  0.770   0.770  0.03% 
Viet Nam* 1  $4,543   $4,707  3.49%  0.668   0.668  0.05% 
Yemen 1  $3,357   $3,350  0.20%  0.500   0.498  0.43% 
Zambia* 1  $3,366   $3,412  1.35%  0.568   0.565  0.53% 
Zimbabwe 1  $1,567   $1,513  3.56%  0.491   0.488  0.61% 
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Table 36 shows that model predictions for the 2012 GNIs of 58 nations differs by more than 5% 
with UNDP [25] reported GNIs and by more than 10% for five nations. Model predictions for 
national 2012 HDI scores do not differ with UNDP [25] reported national HDI scores by more 
than 5% for any nation in the study. 
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Appendix 3-J 
Figure 46 and Figure 47 show cumulative population distributions ordered according to 
increasing 2012 national HDI and IHDI scores respectively. 
 
Figure 46  Cumulative population distribution for 181 countries in 2012 ranked according to increasing national HDI 
scores (7b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and 
yellow. 
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Figure 47  Cumulative population distribution for 131 countries in 2012 ranked according to increasing national IHDI 
scores (6.2b people). UNDP [18] Very high, High and Medium human development thresholds are drawn in red, grey and 
yellow. 
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Appendix 3-K 
Panel A through panel F of Figure 48 present HDI plotted against per capita territorial CO2 
emissions for quintiles in 2012 for 181 countries.  
 
 
 
Figure 48 HDI plotted against per capita territorial CO2 emissions for all quintiles in 2012 for 181 countries. Panel A 
presents the plot for all quintiles. Panel B through panel H present the plot for the first (panel B), second (panel C), third 
(panel D), fourth (panel E) and fifth (panel F) quintiles. UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world’s average CO2 emissions are shown using a vertical 
black line. Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions floor for impoverished populations is drawn 
vertically using a solid brown line. A vertical dashed brown line allows identification of the “Goldemberg Corner” [12], a 
space defining countries having both high human development and CO2 emissions of less than 3.5 t CO2 per capita [9]. 
 
A) B) 
C) 
E) F) 
D) 
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Panel A through Panel F of Figure 49 presents HDI plotted against per capita territorial CO2e 
emissions for quintiles in 2012 for 181 countries.  
 
 
 
Figure 49 HDI plotted against per capita territorial CO2e missions for all quintiles in 2012 for 181 countries. Panel A 
presents the plot for all quintiles. Panel B through panel H present the plot for the first (panel B), second (panel C), third 
(panel D), fourth (panel E) and fifth (panel F) quintiles. UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world’s average per capita CO2e emissions level is drawn 
vertically in black. Chancel and Piketty’s [13] posited average global per capita CO2e emissions level (1.25 t CO2e per 
capita) required through 2100, to likely keep global warming to below 2°C is drawn in red. 
 
Panel A through panel F of Figure 50 presents HDI plotted against per capita consumption-based 
accounting CO2e emissions for quintiles in 2012 for 164 countries.  
B) 
E) F) 
C) D) 
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Figure 50 HDI plotted against per capita consumption-based accounting CO2e missions for all quintiles in 2012 for 164 
countries. Panel A presents the plot for all quintiles. Panel B through panel H present the plot for the first (panel B), 
second (panel C), third (panel D), fourth (panel E) and fifth (panel F) quintiles. UNDP [18] Very high, High and Medium 
human development thresholds are drawn in red, grey and yellow respectively. The world’s average per capita CO2e 
emissions level is drawn vertically in black. Chancel and Piketty’s [13] posited average global per capita CO2e emissions 
level (1.25 t CO2e per capita) required through 2100, to likely keep global warming to below 2°C is drawn in red. Quintile 
per capita emissions for the top two quintiles in Kuwait, Qatar and Singapore; the top three quintiles in Luxembourg; 
and the top quintile in United Arab Emirates are not shown in the plot.  This reduces plot spread from 70 tCO2e per 
capita to 35 t CO2e per capita and improves resolution and readability. This reduces the population represented in plot by 
~6.4 million people. 
Panel A through Panel F of Figure 51 presents HDI plotted against per capita energy footprint (in 
GJ) for quintiles in 2012 for 164 countries.  
A) B) 
C) D) 
E) F) 
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Figure 51 HDI plotted against per capita energy use (in GJ) for all quintiles in 2012 for 164 countries. Panel A presents 
the plot for all quintiles. Panel B through panel H present the plot for the first (panel B), second (panel C), third (panel 
D), fourth (panel E) and fifth (panel F) quintiles. UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world’s average per capita energy use is drawn vertically 
in black. A vertical dashed brown line allows identification of the “Goldemberg Corner” [12], a space defining countries 
having both high human development and a primary energy footprint of less than 50 GJ per capita. 
  
A) B) 
C) 
E) F) 
D) 
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Appendix 3-L 
Table 37 provides basic details of the three populations that have both High human development 
and per capita CO2 emissions of less than 1 t in Figure 18. 
Table 37 Basic details of the three populations that have both High human development and per capita CO2 emissions of 
less than 1 t in Figure 18  
Country 
(quintile) 
National 
HDI [25] 
National 
IHDI [25] 
Quintile 
HDI 
Quintile 
income 
($ 2011 
PPP) 
LEB 
(years
) 
Educatio
n index 
Per capita 
territorial 
CO2 
emissions 
(t CO2) 
Per capita 
consumption-
based CO2 
emissions (t 
CO2) 
Sri Lanka (2) 0.757 0.643 0.706 $4,962 74.3 0.713 0.45 0.57 
Sri Lanka (3) 0.757 0.643 0.746 $7,439 76.6 0.732 0.67 0.86 
Republic of 
Moldova (5) 
0.686 0.607 0.787 $11,247 81.0 0.728 5.01 0.74 
 
Table 37 lists Sri Lanka’s second and third income quintiles and the Republic of Moldova’s 
richest income quintile as having High human development and below 1 t consumption-based 
CO2 emissions. Sri Lanka’s high national HDI score (0.757) – which is surprising given its most 
proximate neighbour, India’s, much lower HDI score (0.599) – and low within-country 
inequality,
143
 serve as major drivers for a large portion of its population to have achieved High 
human development in Figure 18. In fact, the UNDP’s [135] first Human Development Report 
lauded Sri Lanka for thirty years of slow and equally distributed national growth prior to 1990 
that allowed it a high adult literacy rate and a high life expectancy, despite extremely low per 
capita monetary resources.  
Per capita consumption-based CO2 emissions below the 1 t CO2 emissions threshold are an 
equally important driver for Sri Lanka’s appearance in this portion of the plot.144 Sri Lanka’s 
IEA Indicators [336] list a national per capita CO2 emissions level of 0.79 for 2012 and Balances 
[337] report local biofuels, waste and hydro as major contributors to Sri Lanka’s total primary 
energy supply. Given both a low national per capita CO2 emissions average and a consumption 
to production-based total emissions ratio of 1.3 in EORA [14, 15] data, the per capita 
                                                 
143
 Sri Lanka had a difference in HDI and IHDI scores of 1.14, whereas India’s scores differed by 0.175 (0.599 - 
0.424) [25]. 
144
 Table 37 shows that Sri Lanka’s quintiles would also achieve this distinction if territorial rather than 
consumption-based accounting was used. 
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consumption-based CO2 emissions results found in Table 37 seem reasonable. Although a more 
in depth case study of the second and third quintiles in Sri Lanka is needed, the appearance of 
these quintiles in this portion of the plot seems likely from both an HDI and a CO2 emissions 
standpoint. 
A similar cursory analysis can be done for the Republic of Moldova’s richest income quintile. 
Moldova’s IEA Indicators [338] list a national per capita CO2 emissions level of 2.14 for 2012 
and Balances [339] report a heavy reliance on imported natural gas. However, EORA [14, 15] 
consumption-based CO2 emissions data showing Moldova alongside Trinidad and Tobago in 
having a consumption-based CO2 emissions footprint of roughly one quarter of its territorial CO2 
emissions footprint, requires further inspection. This ratio seems reasonable for Trinidad and 
Tobago given its status as a net exporter of oil and natural gas in 2012 [340]. Moldova is not a 
major energy carrier exporter [341]. Further research is needed in order to determine why EORA 
reports this situation in Moldova.
145
 It seems highly likely that further research will not only 
result in a call for improvements in the data underlying the analysis, but also in the richest 20% 
of Moldova having consumption-based per capita CO2 emissions of a similar or greater 
magnitude than their territorial per capita CO2 emissions. 
 
  
                                                 
145
 Belarus was removed from model results as its consumption based CO2 emissions only represented 1/100 of its 
territorial CO2 emissions and appeared obviously incorrect.  
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Appendix 3-M 
Panels A, B and C in Figure 52 present HDI plotted against per capita consumption-based CO2 
emissions for the second through fourth quintiles from 164 countries in 2012.  
 
 
Figure 52 HDI plotted against per capita consumption-based CO2 emissions for the second (panel A) and third (panel B) 
and fourth (panel C) quintiles from 164 countries in 2012. UNDP [18] Very high, High and Medium human development 
thresholds are drawn in red, grey and yellow respectively. The world per capita CO2 emissions average is drawn 
vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions floor for impoverished populations is 
drawn using a solid vertical brown line. A vertical dashed brown line allows identification of the “Goldemberg Corner” 
[12], a space defining countries having both high human development and CO2 emissions of less than 3.5 t CO2 per capita 
[9]. 
  
A) B) 
C) 
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Appendix 3-N 
This section first presents the impact of differing income-emissions elasticity values on model 
results for a single nation, India. The remainder of this section then compares Table 5, Figure 18, 
Figure 19 and Figure 22, all of which are found using an income-emissions elasticity of 1.0 and 
presented in the main text, with results using the 0.4 and 1.6 values.  
Figure 53 presents HDI against consumption-based CO2 emission and focuses on the impact of 
specifying CO2 elasticity of income values ranging from 0.4 to 1.6 on India’s five quintiles. 
 
Figure 53 HDI vs consumption-based CO2 emissions for all income quintiles from 164 countries in 2013, example of the 
impact of using different CO2 elasticity of income values. Income quintiles from India are highlighted and are shown 
having an elasticity value of 0.4 (orange), 1.0 (white), and 1.6 (green). UNDP [18] Very high, High and Medium human 
development thresholds are drawn in red, grey and yellow respectively. The world per capita CO2 emissions average is 
drawn vertically in black. 
Figure 53 highlights the fact that a lower CO2 elasticity of income value reduces emissions 
inequality within India, by assuming less of a relationship between income increases and CO2 
increases. A higher CO2 elasticity of income value links emissions more tightly to the 
consumption-based lifestyles that incomes enable, and increases emissions inequality in India. If 
India’s quintiles in Figure 53 were adjusted to include different income-emissions elasticities for 
each quintile in India based on income and geographical location, as Grubler and Pachauri [143] 
provide for the year 2000, then Figure 53 would better represent the actual state of emissions 
inequality in India. However, inclusion of such data in the study – if it exists for the study year 
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and over time – is currently beyond the scope of this research. Instead, this analysis will move on 
to consider the impact of varying income-emissions elasticities on the global distribution results. 
Panels A, B and C of Figure 54 show HDI plotted against per capita consumption-based CO2 
emissions for all quintiles from 164 countries in 2012 at income-emissions elasticity values of 
0.4, 1.0 and 1.6 respectively.  
 
 
Figure 54 Panels A, B and C show HDI plotted against per capita consumption-based CO2 emissions for all quintiles from 
164 countries in 2012 at income-emissions elasticity values of 0.4, 1.0 and 1.6 respectively (6.9b people). UNDP [18] Very 
high, High and Medium human development thresholds are drawn in red, grey and yellow respectively. The world per 
capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions 
floor for impoverished populations is drawn vertically in brown. A vertical dashed brown line allows identification of the 
“Goldemberg Corner”, a space defining countries having use of less than 3.5 t CO2 per capita [9] and high human 
development [12]. In all panels the truncation of horizontal axis at 31 t CO2 per capita removes populations with per 
capita CO2 emissions in excess of that threshold from the plot. 
Panels A and C of Figure 54 highlight the lack of impact of income-emissions elasticity values 
on the CO2 emissions of Low human development populations. Panel A of Figure 54 shows an 
increased concentration of CO2 emissions around the global average emissions level at an 
income-emissions elasticity value of 0.4. Panel C of Figure 54 shows a greater global emissions 
inequality at an income-emissions elasticity value of 1.6. Most notably – and slightly 
counterintuitively – panel C’s greater global emissions inequality results in more populations 
A) B) 
C) 
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within the “Goldemberg Corner” and having High human development with less than 1 t CO2 
emissions.  
Panels A, B and C in Figure 55 show HDI plotted against per capita consumption-based CO2 
emissions for the poorest quintile from 164 countries in 2012 at income-emissions elasticity 
values of 0.4, 1.0 and 1.6 respectively.  
 
 
Figure 55 Panels A, B and C show HDI plotted against per capita consumption-based CO2 emissions for the poorest 
quintiles from 164 countries in 2012 at income-emissions elasticity values of 0.4, 1.0 and 1.6 respectively.  UNDP [18] Very 
high, High and Medium human development thresholds are drawn in red, grey and yellow respectively. The world per 
capita CO2 emissions average is drawn vertically in black. Chakravarty et al.’s [23] proposed 1t CO2 per capita emissions 
floor for impoverished populations is drawn vertically in brown. A vertical dashed brown line allows identification of the 
“Goldemberg Corner”, a space defining countries having use of less than 3.5 t CO2 per capita [9] and high human 
development [12]. 
Additional insight is available in panels A and C of Figure 55. Panel C suggests that the poorest 
20% of Very high human development nation may be more likely to achieve High human 
development levels while emitting less than 1 t CO2 emissions if increases in the incomes of all 
quintiles in a nation are strongly linked to CO2 emissions increases (e = 1.6). Panel A suggests 
that if less of a relationship between income increases and CO2 increases is assumed (e = 0.4), 
A) B) 
C) 
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then the poorest 20% of most Very high human development countries are unlikely to have 
emissions levels below the global average. 
Panels A, B and C in Figure 56 show HDI plotted against per capita consumption-based CO2e 
emissions for all quintiles from 164 countries in 2012 at income-emissions elasticity values of 
0.4, 1.0 and 1.6 respectively.  
 
 
Figure 56 Panels A, B and C show HDI plotted against per capita consumption-based CO2e emissions for all quintiles 
from 164 countries in 2012 at income-emissions elasticity values of 0.4, 1.0 and 1.6 respectively (6.9b people). UNDP [18] 
Very high, High and Medium human development thresholds are drawn in red, grey and yellow respectively. The world 
per capita CO2e emissions average is drawn vertically in black. Chancel and Piketty’s [13] posited average global per 
capita emissions level (1.25 t CO2e per capita) required through 2100, to likely keep global warming to below 2°C is 
drawn in red. In all panels the truncation of horizontal axis at 36 t CO2e per capita removes populations with per capita 
CO2e emissions in excess of that threshold from the plot. 
Panels A and C of Figure 56 do not change the observations arising from panel B, and stated in 
the main text, that a major change in the traditional relationship between GHG emissions and 
development is needed in order for all populations globally to achieve High human development 
and the average per capita CO2e emissions that would likely keep global warming to below 2°C. 
However, panel C suggests that if increases in the incomes of all quintiles are strongly linked to 
CO2 emissions increases, then there may be more populations with High human development 
and sustainable emissions that predicted by the main model (e=1). 
A) B) 
C) 
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Appendix 3-O 
Figure 57 presents the LEB and EYS levels needed – at various UBIs [146] and an MYS of 10 – 
if the poorest 10% of India’s population were to achieve High human development. 
 
Figure 57 Life expectancy at birth and expected years of schooling levels needed at various UBIs to achieve High human 
development (MYS = 10) 
Figure 57 indicates that if the income levels of the poorest 10% could be ensured at $3,000, and 
the MYS at 10 years, then an EYS of 18 and an LEB of 72 years would be required for that 
population to reach High human development. 
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Appendix 3-P  
Table 38 shows the first (Q1) and fifth (Q5) quintile HDI results for the model, both using 
UNDP 2016 [18] and 2010 [322] methodology. Model results for 2010 were found by running 
the model with UNDP data from 2010. Table 38 also shows the first and fifth quintile HDI 
results from Harttgen and Klasen [126] for 2010 and estimates the difference (in %) between 
model results and results from Harttgen and Klasen.  
Table 38 Comparison of this model’s lowest and highest quintile results with other quintile HDI results in literature 
Country Year 
Model HDI results 
(using 2016 methodology) 
Model HDI results  
(using 2010 methodology) 
Harttgen and Klasen 
(H&K) HDI results [126] 
 
Difference between model HDI 
results (using 2010 
methodology) and H&K 2010 
HDI  
Q1 Q5 Q5/Q1 Q1 Q5 Q5/Q1 Q1 Q5 Q5/Q1 Q1 Q5 Q5/Q1 
Armenia 2010 0.590 0.811 1.4 0.571 0.809 1.4 0.574 0.757 1.3 0% 7% 8% 
Bolivia 2010 0.503 0.738 1.5 0.480 0.736 1.5 0.321 0.911 2.8 49% -19% -46% 
Burkina Faso 2010 0.190 0.499 2.6 0.098 0.494 5.0 0.108 0.531 4.9 -9% -7% 2% 
Egypt 2010 0.566 0.760 1.3 0.552 0.761 1.4 0.492 0.722 1.5 12% 5% -6% 
Ethiopia 2010 0.175 0.544 3.1 0.108 0.536 4.9 0.153 0.480 3.1 -29% 12% 58% 
India 2010 0.446 0.685 1.5 0.422 0.683 1.6 0.326 0.617 1.9 29% 11% -14% 
Indonesia 2010 0.544 0.750 1.4 0.527 0.750 1.4 0.417 0.645 1.5 26% 16% -8% 
Kyrgyz Republic 2010 0.458 0.743 1.6 0.418 0.737 1.8 0.437 0.677 1.6 -4% 9% 14% 
Nicaragua 2010 0.470 0.722 1.5 0.441 0.719 1.6 0.305 0.737 2.4 45% -2% -33% 
Nigeria 2010 0.358 0.582 1.6 0.337 0.580 1.7 0.200 0.585 2.9 68% -1% -41% 
Pakistan 2010 0.384 0.618 1.6 0.360 0.616 1.7 0.295 0.646 2.2 22% -5% -22% 
Peru 2010 0.598 0.801 1.3 0.583 0.801 1.4 0.473 0.894 1.9 23% -10% -27% 
Senegal 2010 0.289 0.571 2.0 0.245 0.566 2.3 0.210 0.602 2.9 17% -6% -19% 
Vietnam 2010 0.507 0.753 1.5 0.480 0.750 1.6 0.379 0.631 1.7 27% 19% -6% 
Zambia 2010 0.402 0.662 1.6 0.370 0.658 1.8 0.197 0.511 2.6 88% 29% -31% 
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9.3 Chapter 4 Appendices 
Appendix 4-A 
So as not to skew results by including richer households reporting large income losses in the 
bottom decile, this study follows suit with IHDS 2005 methods and removes all households with 
a reported annual income less than 1,000 rupees (INR 2005) from consideration for the quantile 
based analyses [28].
146,147
 
For decile-based analyses, average per capita income is estimated by dividing total reported 
household income by the number of persons in the house.
148
 Households are then sorted by 
average per capita income to get a distribution having the lowest per capita household income at 
one end and the highest per capita household income at the other end. Average per capita income 
for each household is then multiplied by the IHDS supplied weighting to arrive at the portion of 
Indian population that household is meant to represent. The total population represented by the 
survey is then divided equally into ten parts, and households are sorted into decile groups 
aligning as closely as possible with a decile share of the representative population.
149
 After 
                                                 
146
 For analyses that do not separate the population into quantiles, these households are left in the data set. However, 
for the HDI analysis, 838 households were removed for this reason in 2005 and 750 in the 2012 analysis. The 
inflation adjusted cut-off (using World Bank [185] inflation values for India) for 2012 in INR 2012 is 1,723 INR. It 
should be noted that although the number of households reporting negative farm and business incomes increased 
from 1,537 in 2005 to 4,531 in 2012, then total number of households with negative overall incomes stayed fairly 
constant, moving from 461 households in 2005 to 452 in 2012. 
147
 Due to the observation of inflated bottom decile results in early iterations of the analysis, the study takes the 
additional step of removing a household from the bottom decile if both its household per capita consumption and per 
capita asset count rank are above the average value calculated for the fifth decile. The fifth decile was independently 
chosen for each survey year from a graphical analysis (finding the plot’s “knee” – or the minimum of the radius of 
curvature function) of a plot of the number of households in the first decile having both a reported negative farm 
income and consumption and asset values greater than the average value for each decile. Households meeting such 
criteria in 2005 and 2012, numbered 69 and 109 respectively. 
148
 Per capita in this study is in alignment with standard per capita measures from the UN [364] and uses the total 
population in calculation of per capita indicators. Such measures include all adults as well as children.  In the case 
that an income estimate has not been given for a household, an income of zero is assigned to the household, which in 
effect removes it from the analysis (see prior footnote on income cut-off). Note that households missing IHDS 
constructed total assets in (2005: 0 households, 2012: 23 households) and monthly per capita consumption (2005: 63 
households, 2012: 23 households) variables were not removed from the study as these items are not critical. For 
assets, the HH’s were assigned the mean value from that year (2005: 12.25, 2012: 15.44). Missing per capita 
consumption was zeroed. 
149
 In cases where a household’s representative population spans a border, the entire household is placed in the lower 
decile and the next decile starts with the representative population of the following household. 
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finishing this procedure, the first decile contains households having the lowest per capita 
incomes in India while the tenth decile contains those with the highest per capita incomes. 
Table 39 lists the IHDS variables used in sorting and placing households in income deciles. 
Table 39 IHDS variables used in sorting and placing households in income deciles 
IHDS variables used in 
sorting and placing 
households in income deciles 
relevant 2005 IHDS variables relevant 2012 IHDS variables 
idhh , income , incfarm , incbus  , copc , 
hhassets , npersons , urban , sweight , 
income5  
idhh , income , incag  , incbus  , copc , 
assets , npersons  , urban2011 , wt 
  
273 
 
Appendix 4-B 
In order to calculate each sub-index for a decile, certain characteristics of the population being 
analysed must be estimated. For the income sub-index, the decile’s mean per capita income in 
constant 2011 international dollars at purchasing power parity (2011 PPP $) must be known. 
This is arrived at by finding the mean of a decile’s household per capita income in current 2005 
or 2012 rupees, transforming the figure into constant 2011 rupees using Indian consumer price 
inflation values from the World Bank [185], and then applying a 2011 rupee to 2011 PPP $ 
conversion factor for private consumption, also supplied by the World Bank [342]. Before 
placing the resultant per capita income into the HDI income sub-index formula, each value is 
scaled using a factor calculated by dividing the World Bank Gross National Income for India in 
the appropriate year in constant 2011 PPP $ [343] by the mean of the income distribution across 
all deciles for each year in the study.
150
  
For the education sub-index, MYS and EYS for each decile must be found.
151
 Mean years of 
schooling is estimated, according to United Nations Educational, Scientific and Cultural 
Organization (UNESCO) [193] guidelines and referencing the India specific International 
Standard Classification of Education (ISCED) map
152
 [194] shown in Table 40, by taking the 
mean of the highest year of schooling achieved by the 25 and older population in each decile.
153
 
Expected years of schooling represents the number of years of schooling a child from a specific 
                                                 
150
 Scaling occurs because the HDI definition is in GNI per capita and GNI per capita from national accounts often 
differ substantially from mean incomes calculated from survey data. Such an approach is in-line with methods used 
by Harttgen and Klassen [125] and Grimm et al. [24] who also use household survey data to estimate sub-national 
HDI scores. 
151
 In instances where enrolment, grade repetition, or higher degree attainment are missing, each is assigned the 
following entries: not enrolled, no grade repeated, no higher degree. 
152
 In instances where a respondent’s answer to standard years completed was “Above Bachelors” in IHDS 2012, 
additional years of schooling needed to be added to total years of school used in the analysis. UNESCO [194] was 
consulted to aid in mapping respondent answers to 2011 ISCED levels and adding an appropriate number of years to 
the respondent’s total years of schooling. When the category selected by the respondent included degrees with 
different theoretical durations, the durations were averaged. In the case of “Professional degree”, 2011 ISCED India 
mapping did not offer guidance and the duration of the degree was arbitrarily chosen to have the same duration as 
“Master’s degree/Ph.D.” and “Diploma 3+ years” at 18.5 years of schooling. For an answer of “MBBS/BAMS”, 
17.5 years was used.  For answers of “Diploma <3 years”, 16.5 years was used. For answers of and “BE, B.Tech” 
and “Others”, 16 years was used. For IHDS 2005, available responses on higher degree achievement are more 
limited and the respondents answer to standard years completed only when a “Bachelors” answer was also supplied. 
For consistency’s sake, 2011 ISCED total years of duration were applied to 2005 IHDS responses. For an answer of 
“Masters” and “Professional”, 18.5 total years were assigned the individual.  For an answer of “Vocational”, 17.5 
years was used. For an answer of “Bachelors”, 16.5 years was used. For an answer of “Others”, 16 years was used.  
153
 As per UNESCO [193], individuals missing educational attainment data for each survey year comprise less than 
10% of population aged 25 years and older for each relevant decile group and have been excluded from the MYS 
calculation. 
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decile entering school in the year of the study, can expect to achieve before leaving school, and 
involves a more complicated calculation, the details of which can be found in Harttgen and 
Klasen [126] and a UNESCO Institute for Statistics [195] presentation. 
Table 40 ISCED 2011 mapping to IHDS education years completed for use in HDI Mean Years of School calculations 
 
 
For the health sub-index, LEB for the decile must be found. LEB for a decile represents the 
number of years an infant born into that decile during the year of study can expect to live. 
Methods for estimating LEB using IHDS data are provided in Toson and Baker [192] along with 
Shah and Gosavi [190], who use a London Health Observatory [191] report for methodological 
guidance. While needed deaths data is readily available in the 2005 IHDS data set, deaths data 
for the 2012 LEB analysis needed to be pieced together using multiple 2012 IHDS data sets.
154
 
                                                 
154
 Deaths data for all individuals that were also part of the 2005 survey is available in the 2012 Tracking data set. 
Deaths for the children of any mother interviewed as part of the 2012 Eligible Woman questionnaire – both in repeat 
and new households – can be found in the 2012 Birth History data set.   
Standard 
years 
completed
Highest 
degree/diploma 
completed
Standard 
years 
completed Highest degree/diploma completed
ISCED 
2011 
Level
ISCED 2011 
Theoretical 
duration
Years 
used in 
analysis
missing N/A missing N/A 0 0 0
0 missing or None (0) 0 missing or Inc/None (1) 0 0 0
1 missing or None (0) 1 missing or Inc/None (1) 1 1 1
2 missing or None (0) 2 missing or Inc/None (1) 1 2 2
3 missing or None (0) 3 missing or Inc/None (1) 1 3 3
4 missing or None (0) 4 missing or Inc/None (1) 1 4 4
5 missing or None (0) 5 missing or Inc/None (1) 1 5 5
6 missing or None (0) 6 missing or Inc/None (1) 2 6 6
7 missing or None (0) 7 missing or Inc/None (1) 2 7 7
8 missing or None (0) 8 missing or Inc/None (1) 2 8 8
9 missing or None (0) 9 missing or Inc/None (1) 3 9 9
10 missing or None (0) 10 missing or Inc/None (1) 3 10 10
11 missing or None (0) 11 missing or Inc/None (1) 3 11 11
12 missing or None (0) 12 missing or Inc/None (1) 3 12 12
13 missing or None (0) 13 missing or Inc/None (1) 3,4 13 13
14 missing or None (0) 14 missing or Inc/None (1) 4 14 14
15 Bachelors (1) 6 15-16 15.5
15 BA/BSc/B.Com/BCA/BBA (2) 6 15 15
16 BE/B.Tech. (3) 6 16 16
16 MBBS/BAMS (4) 7 17-18 17.5
15 Master's (2) 16 Master’s degree/Ph.D. (5) 7,8 17-20 18.5
15 Professional (3) 16 Professional degree(MD, Law, MBA, CA etc. ) (6) 6,7,8 17-20 18.5
15 Vocational (4) 6 16-19 17.5
16 Diploma < 3 years (7) 6 16-17 16.5
16 Diploma 3 & more years (8) 6 18-19 18.5
15 Others (5) 16 Others (9) 6 16 16
IHDS 2005 IHDS 2012 UNESCO India Mapping
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This introduces both difficulty and error into 2012 LEB estimations
155
 that are not present in 
2005 estimations.  
More problematic (but less obviously so) in the calculation of LEB by quantiles, are adult deaths 
– especially older adult deaths – that have been excluded from IHDS mortality tracking between 
survey years due to death [344], and/or migration prior to death [192]. These deaths result in a 
2005 household not be resurveyed in 2012 and that death not being captured by IHDS data. The 
addition of new households to the survey to maintain sample representativeness of India’s 
population is not able to account for this loss – especially as the recent deaths of adults in the 
newly added households was not recorded.
156
  Table 41 shows the share of the population 
represented by new households in each income decile in the 2012 analysis. 
                                                 
155
 A number of challenges exist. a) In the tracking data, the method of estimating the timing of deaths (measured in 
variable TH3) creates ambiguity as to whether a death happened in the past year. For example when only 
considering one year of deaths data in 2012, all deaths estimated at either 0 or 1 ‘years since died’, 383 and 1352 
deaths respectively, are included at the start of the analysis. The 79 deaths that do not correspond to an eligible 
household in the 2012 data and the 43 deaths for which a 2005 person ID exists and an age under five is given, are 
then removed from the analysis. In addition, the one deceased individual who has been assigned a personal ID 
matching an individual in the 2012 individual data set has been removed from the deaths data.  b)  Given limited 
data in the 2012 Birth data set, an estimate must be made of the deceased’s date of death using the provided birth 
date or approximate age and the age reported at death. There is the possibility of significant estimation errors 
involved in a respondent’s recall of birth dates, the approximate age deceased would be at time of interview, and age 
at which the deceased was reported to have died. Due to that error, a death is included in the LEB analysis not only 
if the estimated date of death is less than a year prior to the interview date, but also if the estimated date of death 
appears to have occurred after the interview date. In the case of missing or confusing date or age data, the following 
process was followed:  if a birth year was given, but month was missing, then the mean birth month (calculated from 
IHDS 2012 data) of 6.53 was inserted; if no birth year was given and no approximate age was given, the death was 
not included in analysis; if a year was missing from death age, then the deceased was removed; if no birth date was 
given and no approximate year of age given – but a month was given, then the deceased was assumed to be less than 
1 years old; if an approximate age year is given, but the month was unknown or missing, then insert mean age month 
calculated from IHDs data of 4.23; if an death age year was given but a month was missing or unknown, the mean 
death month (calculated from IHDS 2012 data) of 3.55 was assigned to the deceased (does not include infants); if 55 
was recorded as the death year (signalling infant less than one month), which should also be accompanied by a death 
months record of 55, but instead a month between 1 and 12 was still recorded for death months, the death was kept 
for analysis with zero years and the months given – due to the unusually high number of 55’s recorded by the survey 
compared to surrounding years, this seems more appropriate than removing the deaths. Fifteen days have added to 
all calculated death dates, which were only calculated in years and months, to place the death in the middle of month 
when estimating distance from the date of interview which is given in years, months and days.  And finally, any 
deceased individual that was eligible for the LEB analysis and recorded in both Tracking and Birth History data sets 
as having the same household and same death age, has been removed from analysis. For the four living members of 
households not given an age in the IHDS 2012 Individual data set, the mean IHDS 2012 age of 29.82 years was 
inserted prior to running analysis. 
156
 If a person in a household added to the survey in 2012 died in recent years, and was not the child of an 
interviewed ‘eligible woman’ in the 2012 IHDS survey, then that death was not recorded in IHDS data.   
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Table 41 Share of population represented by new households in each income decile in the 2012 analysis
 Decile Share of population represented 
by new households 
1 1.2% 
2 1.3% 
3 2.1% 
4 3.3% 
5 3.0% 
6 4.0% 
7 5.8% 
8 6.1% 
9 8.5% 
10 9.8% 
 
For the 2012 LEB analysis, this study decided to proceed with only households that are included 
in both 2005 and 2012 IHDS survey rounds. These households comprise over 95% of the total 
Indian population represented by the 2012 survey, but when considered by decile groups as in  
Table 41, can comprise as little as 90.2% of the population represented by a single decile (98.8% 
in the poorest decile decreasing to 90.2% in the richest decile). In theory all deaths from this 
sample should be captured by 2012 IHDS data sets. However, that does not change the fact that 
in the overall 2012 analysis, the deaths of the very elderly will be underrepresented, as will a 
growing number of deaths across all age groups in upper deciles. 
Following consultation with relevant literature [191, 192, 345], a few methodological decisions 
were made to improve accuracy of estimate of expectation of LEB for 2012. 
1. The study increase number of years from which 2012 deaths data is drawn from one to 
three, in order to increase “the number of deaths for a particular age band and improves 
the accuracy of our estimation of expectation of life“ [191]. This alteration makes the 
LEB less accurate for an infant born in 2012 by merging the death and life counts over 
the three years prior to 2012. 
2. The top age group of the analysis was set with a “lower age limit as high as possible” 
[192], in order to attempt to account for differences in the social structures of decile 
populations [192, 345]. This upper limit was chosen at 95 as this was the first open ended 
age group (in increments of five) in which zero deaths began to appear in deciles. Toson 
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and Baker [192] suggest that in the UK, an upper age band of 90 and over might be 
advisable when analysing large regions and note that raising the upper age group may 
introduce bias in populations with lots of elderly migration.  
3. The study decided to use a method suggested by Toson and Baker [192] for dealing with 
a lack of data on elderly deaths, by replacing the average age specific death rate (asdr) for 
the top age group in every decile with uniform asdr, which in this case is the simple 
average of male and female WHO [346] asdrs for the 95 years and above age group.  
Although analysis of 2005 IHDS data does not require the same data preparation and 
assumptions, an upper age limit of 95 years and above, and an appropriate uniform top asdr from 
WHO [346] data were used to more closely align the methods between the two study years. 
Results for the 2005 LEB analysis can be compared between panel A in Figure 58 which shows 
results using an 85 years and above upper age group and no uniform default top asdr, and panel 
B in Figure 58, which shows results using an 95 years and above upper age group with uniform 
replacement of top asdr. 
 
Figure 58 2005 LEB results with top age group set to 85 and without uniform use of default asdr for top age group (panel 
A) and with top age group set to 95 and with use of a uniform asdr for top age group (panel B) 
Panels A and B in Figure 58 show little practical difference in results other than the slight 
lowering of the LEB of the top two deciles that arises from the use of a higher upper age group 
and a uniform top asdr.   
A) B) 
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Results for the 2012 LEB analysis can be compared between panel A in Figure 59 which shows 
results using an 85 years and above upper age group, only deaths in the past year, and no uniform 
default top asdr; and panel B in Figure 59  which shows results using an 95 years and above 
upper age group, all deaths in the past three years, and uniform replacement of top asdr. 
 
Figure 59 2012 LEB results (panel A) with top age group set to 85, only deaths in the past year, and no uniform top asdr 
and (panel B) with top age group set to 95, deaths from the past three years, and a uniform top asdr 
The lack of stability in 2012 results when changes are made suggests caution in interpreting 2012 
LEB results.  
Table 42 lists the IHDS variables used in HDI and sub-index estimations. 
Table 42 IHDS variables used in HDI and HDI sub-index estimations
 HDI sub-index input relevant 2005 IHDS variables relevant 2012 IHDS variables 
Income income , npersons , sweight income , npersons , wt 
Mean Years of Schooling (MYS) ro5 , ed5 , ed12 , sweight ro5 , ed6 , ed12 , wt 
Expected Years of Schooling 
(EYS) 
ed4 , ed5 , ed6 , ro5 , sweight ed5 , ed6 , ed7 , ro5 , wt 
Life Expectancy at Birth (LEB) ro5 , de4a , de4b , de4c , sweight stateid , distid , psuid , hhid , hhsplitid, 
tk1ro5 , personid , th3 , idhh , bh7 , 
cd3date , bh5a , bh5b , bh6a , bh6b , 
bh8a , bh8b , ro5 , wt 
 
 
A) B) 
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Appendix 4-C 
Grunewald et al. [36] calculate the CO2 footprint of Indian households in 2004-2005 using 
survey data and estimations of the total emissions intensity for 130 sectors of India’s economy 
for 2004-2005. Unlike Grunewald et al. [36], who opt to use GTAP data, this study selects the 
EORA database [14, 15].  This decision was determined by time constraints, the wide scope of 
the study, a view that a critical database should not be behind a paywall, and the ready 
availability of energy and emissions intensities for India from the EORA database providers.
157
 
This study uses the 116 sectoral energy and CO2 emissions intensities provided by EORA in 
order to calculate indirect energy use and CO2 emissions. Despite the importance of non-
commercial energy in sectors of India’s economy – particularly the agricultural and industrial 
sectors – as noted and estimated by Pachauri [38],158 no effort is made to estimate the non-
commercial energy involved in each sector of India’s economy. Nor is the use of non-
commercial energy attributed to the production of self-collected firewood, dung, crop residue or 
home-grown goods.
159
 
Before calculating the indirect energy and emissions involved with each household consumption 
item, this study allocates the sectoral intensities provided by EORA to the IHDS consumption 
categories for each survey year. While Pachauri [38] and Grunewald et al. [36]  were consulted 
during this process, common sense and IHDS questionnaire wording led to selection of the final 
allocations for each category. Table 43 and Table 44 detail the results of this process for 2005 
and 2012. Table 45 provides a list of the 116 sectors for which energy and emissions intensity 
were provided by EORA. 
                                                 
157
 We did not calculate the intensities ourselves, but were supplied them by the researchers at EORA. We are 
grateful for their assistance as well as the researchers at the University of Queensland who facilitated the data 
acquisition 
158
 Pachauri [38] estimates that non-commercial energy comprised 21.4% of total final energy consumption in the 
industrial sector and 32.3% in the agricultural sector in 1999-2000. Although this partially explains why EORA 
sectoral energy intensities are systematically lower than Pachauri’s, it does not explain the observed magnitude in 
difference for many sectors (paddy, wheat).   
159
 All non-commercial energy carriers and home-grown goods are considered to have energy and CO2 emission 
sectoral intensities of zero. 
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Table 43 Allocation of Indian economic sectors to IHDS 2005 household consumption variables [columns 1-3 modified 
from 28] 
 
  
IHDS.2005 label Questionairre.description India.EORA.sectors.2005 Change.to.2012
co1 Rice 1, same
co2 Wheat 2, same
co3 Sugar 33, same
co4 Kerosene 58, same
co5 Other cereals 3,4,5, same
co6 Cereal products like bread, muri, chira, maida, suji, noodles 38, moved to co13
co7 Pulses and pulse products (includes soyabean, gram) 6,7, co6
co8 Meat, chicken and fish 19,22, co7
co9 Gur and other sweeteners (includes candy, misri, honey, etc.) 19,34,38, co8
co10 Edible oil and vanaspati 35,36, co9
co11 Eggs 20, co10
co12 Milk 18, co11
co13
Milk products like ghee, butter, ice cream, milk powder, dahi, 
paneer, etc. 18, co12
co14 Vegetables (including garlic, ginger) 17, same
co15 Salt/spices (includes dry chillies, curry powder, oilseeds, etc.) 17,32, same
co16
Other food items like tea/coffee, processed foods such as biscuits, 
cake, pickles, sauce 12,13,37,38, split to co16 and co17
co17 Paan/ tobacco/ intoxicants 39,40, co18
co18 Fruits/nuts
(includes mango, banana, coconut, dates, kishmish, monacca, 
other dried fruits.) 9,15,17, co19
co19 Food at restaurants, eating out, etc 108, co20
co20 Fuel and light (LPG, firewood, electricity) exclude kerosene 51,58,100, split to co21 and co22
co21 Entertainment (includes cinema, picnic, sports club fees, video cassettes.) 114, co23
co22 Telephone/cable/internet 114, co24
co23 Personal care (includes spectacles, torch, umbrella, lighter, etc.) 98, co47
co24 Toilet articles (includes toothpaste, hair oil, shaving blades, etc.) 52,56,57,66, co25 and renamed
co25 Household items
(includes electric bulb, tubelight, glassware, bucket, washing 
soap, agarbati, insecticides, etc.) 57,63,66,71,76,86,90, split to co26 and co27
co26 Conveyance
(includes railway, bus, hired taxi, rickshaw, air fares, porter 
charges, auto,school bus/van, etc.) 103,104,114, co28 and renamed
co27
House rent, rent (also for rented household appliances, furniture, 
etc.) 109,111,114, co30
co28 Consumer taxes, cesses, and fees (includes water charges) 102,115, co31
co29 Services (domestic servants, other) 114, co32
co30 Medical expenses (out patient services) 65,113, co33
co31 Medical (in-patient) 65,113, co34
co32 School / Private Tuition Fees (includes private tutor, school / college fees) 112, split to co35 & co36
co33 School books and other educational articles (includes newspaper, library charges, stationery, internet charges) 52,53,82,114, co37
co34 Clothing/bedding 42,43,44,45,46,48,49,55, co38
co35 Footwear 54,56, co39
co36 Furniture/fixtures (includes bed, almirah, suitcase, carpet, paintings, etc.) 47,49,50,56,64, co40
co37 Crockery/utensils (includes stainless steel utensils, casseroles, thermos, etc.) 57,77, co41
co38 Cooking and household appliances
(includes electric fan, AC, sewing machine, washing machine, 
pressure cooker, refrig.) 87, co42
co39 Goods for recreation (includes TV, radio, tape recorder, musical instruments) 51,52,77,90,98, co43
co40 Jewelry and ornaments 98, co44
co41 Personal transport equipt (includes bicycle, two-wheeler, car tyres, etc.) 58,93,94,95,96,98,101, split co45 & co29
co42 Therapeutic appliances (includes eye-glass, hearing aids, orthopedic equipment, etc.) 98, co46
co43 Other personal goods (includes clock, watch, PC, telephone, mobile, etc.) 82,88,97,98, co48
co44 Repair/maintenance
of residential buildings, bathroom equipment, etc. [NOT NEW 
BUILDING] 114, co49
co45 Insurance premiums 110, co50
co46 Vacations 58,103,104,108,114, co51
co47 Social functions (marriage, funerals, gifts, etc.) 108,114, co52
non commercial energy use in MJ 20,21,23,
fu1c commercial electricity 100,
fu5b commercial firewood 51,
fu6b commercial dung 20,
fu7b commercial crop residue 17,
fu8b commercial kerosene 58,
fu9b commerical LPG 58,
fu10b commercial coal/charcoal 23,
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Table 44 Allocation of Indian economic sectors to IHDS 2012 household consumption variables [columns 1-3 modified 
from 27] 
 
 
IHDS.2012 label Questionairre.description India.EORA.sectors.2012
co1 Rice 1,
co2 Wheat/Flour 2,
co3 Sugar 33,
co4 Kerosene 58,
co5 Other cereals 3,4,5,
co6 Pulses and pulse products (includes soyabean, gram) 6,7,
co7 Meat, chicken and fish 19,22,
co8 Gur and other sweeteners (includes candy, misri, honey, etc.) 19,34,38,
co9 Edible oil and vanaspati 35,36,
co10 Eggs 20,
co11 Milk 18,
co12 Milk products like ghee, butter, ice cream, milk powder, dahi, paneer, etc. 18,
co13 Cereal products like bread, muri, chira, maida, suji, noodles. 38,
co14 Vegetables (including garlic, ginger) 17,
co15 Salt/spices (includes dry chillies, curry powder, oilseeds, etc.) 17,32,
co16 Tea/Coffee 12,13,37,
co17 Processed food (such as biscuits, cake, pickles, sauce, etc.) 38,
co18 Paan/ tobacco/ intox. 39,40,
co19 Fruits/nuts
(includes mango, banana, coconut, dates, kishmish, monacca, other dried 
fruits.) 9,15,17,
co20 Food at restaurants, eating out, etc 108,
co21 Household fuel (LPG, firewood, cowdung) Exclude kerosene 20,51,58,
co22 Household electricity 100,
co23 Entertainment (includes cinema, picnic, sports club fees, video cassettes.) 114,
co24 Telephone/Mobile, cable/dish, internet charges 114,
co25 Cosmetics/toilet (includes toothpaste, hair oil, shaving blades, etc.) 52,56,57,66,
co26 Household items (includes electric bulb, tubelight, glassware, bucket, etc.) 57,71,76,86,90,
co27 Soap, detergent/washing powder, agarbati, insecticide, etc. 63,66,
co28 Transportation
(includes railway, bus, hired taxi, rickshaw, air fares, porter charges, 
auto,school bus/van, etc.) 103,104,114,
co29 Diesel/petrol/CNG, maintenance (Owned vehicle) 58,101,
co30
House rent, society charges, house loan installment, other rent (includes appliances, 
cooler, AC, etc.) 109,111,114,
co31 Consumer taxes, cesses, and fees (includes water charges & house tax) 102,115,
co32 Services (domestic servants, barber, laundry, etc.) 114,
co33 Medical expenses (out patient services) 65,113,
co34 Medical (in-patient) 65,113,
co35 School/colleg fee 112,
co36 Private tuition (Coaching fees) 112,
co37 School books and other educational articles (includes newspaper, library charges, stationery, internet charges) 52,53,82,114,
co38 Clothing/bedding 42,43,44,45,46,48,49,55,
co39 Footwear 54,56,
co40 Furniture/fixtures (includes bed, almirah, suitcase, carpet, paintings, etc.) 47,49,50,56,64,
co41 Crockery/utensils (includes stainless steel utensils, casseroles, thermos, etc.) 57,77,
co42 Cooking and household appliances
(includes electric fan, AC, sewing machine, washing machine, pressure 
cooker, refrig.) 87,
co43 Recreation goods (includes TV, radio, tape recorder, musical instruments) 51,52,77,90,98,
co44 Jewelry and ornaments 98,
co45 Personal transport equipt (includes bicycle, two-wheeler, car tyres, etc.) 93,94,95,96,98,
co46 Therapeutic appliances (includes eye-glass, hearing aids, orthopedic equipment, etc.) 98,
co47 Personal care & houehold items (includes spectacles, torch, umbrella, lighter, etc.) 98,
co48 Other personal goods (includes clock, watch, PC, telephone, mobile, etc.) 82,88,97,98,
co49 Repair/maintenance of residential buildings, bathroom equipment, etc. [NOT NEW BUILDING] 114,
co50 Insurance premiums 110,
co51 Vacations/Holidays 58,103,104,108,114,
co52 Social functions such as marriage, funerals, etc. other than reported above 108,114,
non commercial energy use in MJ 20,21,23,
fu1c commercial electricity 100,
fu7b commercial firewood 51,
fu8b commercial dung 20,
fu9b commercial crop residue 17,
fu10b commercial kerosene 58,
fu11b commerical LPG 58,
fu12b commercial coal/charcoal 23,
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Table 45 Sectors for which EORA provides energy and CO2 emissions information for 2005 and 2012 [altered from 14, 
15] 
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After calculating per capita indirect energy and CO2 emissions for each household consumption 
item, consumption categories are then aggregated to seven general consumption categories 
drawn from Pachauri [38]. Table 46 lists these categories along with direct energy use categories 
and the IHDS variables used in estimations of direct and indirect energy use and CO2 emissions 
for each category.  
Table 46 Aggregation categories and IHDS variables used in estimating the energy focused results of this analysis
 
No
. 
Categories relevant 2005 IHDS variables relevant 2012 IHDS variables 
1 Food, Beverages & 
Tobacco 
co1a , co1b, co1c , co1d through co3a , 
co3b, co3c , co3d, co5a ; co5b, co5c , co5d 
; co6a , co6b, co6c , co6t through co14a 
,co14b,  co14c , co14t ; co15 through co19   
co1a , co1b, co1c , co1d through co3a , co3b, 
co3c , co3d, co5a ; co5b, co5c , co5d ; co6a , 
co6b, co6c , co6t through co14a ,co14b,  
co14c , co14t ; co15 through co19   
2 Clothing & Footwear co34 , co35 , co40  co38 , co39 , co44 
3 Education & Recreation co21 , co32 , co33 , co39 , co43 , co46 
,co47 
co20 , co23 , co35 , co36 , co37 , co43 , co51 
, co52 
4 Medical care & Hygiene co23 , co24 , co30 , co31 , co42 co25 , co27 , co33 , co34 , co46 , co47 , co48 
5 Transport co26 , co41 co28 , co29 , co45 
6 Other Services co22 , co28 , co44  , co45 co24 , co31 , co49 , co50 
7 Housing & HH effects co25 , co27 , co29 , co36 , co37 , co38 co26 , co30 , co32 , co40 , co41 , co42 
8 Non-commercial energy 
[firewood, dung, crop 
residue, coal/charcoal] 
fu1 , fu1c , fu5 , fu5a , fu5b , fu6 , fu6a , 
fu6b , fu7 , fu7a , fu7b , fu8 , fu8a , fu8b , 
fu9 , fu9a , fu9b , fu10 , fu10a , fu10b , 
hhassets , stateid , urban , fu4 , vp5b , vp8 , 
vp8a    
fu1 , fu1c , fu7 , fu7a , fu7b , fu8 , fu8a , fu8b 
, fu9 , fu9a , fu9b , fu10 , fu10a , fu10b , fu11 
, fu11a , fu11b , fu12 , fu12a , fu12b , assets , 
stateid , urban2011 , fu6 , vp7b , vp10 , vp10a 
9 Electricity fu1b , fu1c , fu8a , fu9a , urban  fu1 , fu1c , fu10a , fu11a , urban2011 
10 Coal and solid wastes   
 Firewood fu5  , fu5b , fu4 , vp5 , vp5a , stateid fu7 , fu7b , fu6 , vp7b , stateid 
 Dung fu6  , fu6b , fu4 , vp8 , vp8a , stateid fu8 , fu8b , fu6 , vp10 , vp10a , stateid 
 Crop residue fu7 , fu7b , fu4  fu9 , fu9b , fu6 
 Coal/charcoal fu10 , fu10b fu12 , fu12b   
11 Petroleum Products   
 Kerosene co4a , fu8 , fu8b  co4a , fu10 , fu10b  
 LPG fu9 , fu9b , vp7 , vp7a , stateid fu11 , fu11b , vp9 , vp9a , stateid 
 Common to all npersons , sweight npersons, wt 
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Appendix 4-D 
Figure 60, Figure 61 and Figure 62 present incomes, EYS and MYS and LEB respectively for 
urban and rural deciles in 2005 India. As populations are divided into deciles only after urban or 
rural populations have been removed from the data set, this means that deciles results do not 
correspond to all-India decile findings which represent mixed populations of rural and urban 
households. Note that per capita income results in Figure 60 have not been scaled using the 
World Bank Gross National Income for India in 2005 as happens to decile incomes in the all-
India estimations before calculating the HDI sub-index value.
160
 Unscaled income ranges for 
2005 all-India, rural and urban deciles are shown in 2011 PPP $ in Table 47. 
 
                                                 
160
 The author is still in the process of determining whether it is possible (and reasonable) to independently scale 
rural and urban incomes using a modified method. Until such a method is developed, comparisons between all-India 
scaled incomes for deciles and rural and urban unscaled incomes for deciles are not possible. Unscaled incomes for 
all-India deciles can be compared with rural and urban findings. Rural and urban income findings for 2005 can be 
compared with each other, as they also can be compared with 2012 rural and urban income findings. 
A) B) 
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Figure 60 Average per capita income (2011 PPP $, unscaled) for rural (panel A) and urban (panel B) India income deciles 
in 2005 
Table 47 Unscaled income ranges (2011 PPP $) for 2005 all-India, rural and urban deciles
 Decile All-India (2011 PPP 
$) 
Rural (2011 PPP $) Urban (2011 PPP $) 
1 135 119 274 
2 254 222 477 
3 340 296 634 
4 433 364 817 
5 543 447 1023 
6 686 548 1274 
7 883 685 1612 
8 1194 888 2070 
9 1739 1270 2877 
10 4207 3023 6223 
 
 
Figure 61 Average EYS and MYS for rural (panel A) and urban (panel B) India income deciles in 2005 
 
A) B) 
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Figure 62 Average LEB for rural (panel A) and urban (panel B) India income deciles in 2005  
Figure 60 and Figure 61 shows consistently higher unscaled income, MYS and EYS results for 
urban versus rural deciles in 2005. Figure 62’s LEB results are very noisy,161 but there appears to 
be a general trend of higher LEB’s at top verses bottom income deciles and, with the exception 
of the bottom and fifth deciles, higher LEB’s for urban versus rural deciles.  
Figure 63, Figure 64 and Figure 65 present incomes, EYS and MYS and LEB respectively for 
urban and rural deciles in 2012 India. As with Figure 60 above, Figure 63 shows unscaled 
incomes for deciles. Unscaled incomes for 2012 all-India, rural and urban deciles are shown in 
2011 PPP $ in Table 48. 
 
                                                 
161
 The amount of noise in this studies analyses of LEB urban and rural populations in India, suggest that average 
urban and rural decile populations of roughly 7,000 people and 13,500 people respectively (for both survey years) 
are below the minimum population sizes needed to estimate LEB using IHDS data. 
A) B) 
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Figure 63 Average per capita income (2011 PPP $, unscaled) for rural (panel A) and urban (panel B) India income deciles 
in 2012 
Table 48 Unscaled incomes (2011 PPP $) for 2012 all-India, rural and urban deciles
 Decile All-India (2011 PPP 
$) 
Rural (2011 PPP $) Urban (2011 PPP $) 
1 174 147 346 
2 348 293 605 
3 479 400 800 
4 611 507 1007 
5 768 621 1245 
6 962 766 1552 
7 1238 954 1980 
8 1651 1256 2590 
9 2430 1787 3664 
10 6094 4590 8285 
 
 
Figure 64 Average EYS and MYS for rural (panel A) and urban (panel B) India income deciles in 2012 
 
A) B) 
A) B) 
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Figure 65 Average LEB for rural (panel A) and urban (panel B) India income deciles in 2012 
Figure 63 and Figure 64 show consistently higher income, MYS and EYS results for all urban 
deciles. Figure 65’s LEB results are again very noisy, and it is hard to find a trend in panel A 
results for rural populations. However, Figure 65’s panel B results for urban populations appear 
to indicate a general trend of higher LEB’s in richer income deciles. As for comparisons between 
rural and urban deciles, eight of ten urban deciles have a higher LEB than their rural 
counterparts, with most positive differentials occurring in upper deciles.  
A) B) 
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Appendix 4-E 
Figure 66 presents the average annual per capita CO2 emissions from the direct and indirect 
energy requirements of rural India income deciles in survey years. Figure 67 presents the average 
annual per capita CO2 emissions from the direct and indirect energy requirements of urban India 
income deciles in survey years. The income deciles presented in these two figures have been 
separated into deciles only after being divided from one another so cannot be directly compared 
with all-India decile results connected with welfare inequality.   
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Figure 66 Annual per capita rural household based CO2 emissions for rural India income deciles in 2005 (panel A) and 
2012 (panel B) 
 
Figure 67 Annual per capita urban household based CO2 emissions for urban income deciles in India in 2005 (panel A) 
and 2012 (panel B) 
Figure 66 shows clearly that direct energy use emissions arising from rural populations in all 
deciles can largely be attributed to the use of self-collected sold fuels in households. Figure 67 
shows just as clearly that not only do solid fuels play a decreasing role in direct CO2 emissions as 
urban households get richer, but that self-collection of fuels plays an extremely minor role in the 
A) B) 
A) B) 
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CO2 emissions of poorer urban households. Although both Figure 66 and Figure 67 indicate that 
indirect CO2 emissions of deciles increase as incomes increase, the trend is easier to observe 
Figure 67’s presentation of urban deciles.  
Increases in indirect CO2 emissions also occur between study years with panel B of Figure 67 
showing indirect CO2 emissions representing more than half of total per capita CO2 emissions in 
urban households starting with the sixth decile in 2012, as compared to this transitions occurring 
around the ninth decile in 2005 in panel A of Figure 67. By comparison, the indirect CO2 
emissions of rural households in Figure 66 only near the halfway mark of any rural decile’s total 
per capita emissions for the richest 20% of rural households in 2012 in panel B of Figure 66.  
Most strikingly, although the average 2005 rural and urban per capita CO2 emissions shown in 
panel A of Figure 66 and panel A of Figure 67 are reasonable close in magnitude, their 
qualitative difference is massive. Most rural emissions arise from self-collected solid fuels and 
are released locally at the household level, rather than occurring indirectly in the greater Indian 
and global economy as happens with most emissions for urban deciles. 
Figure 68 presents the average annual per capita household energy requirement for rural India 
income deciles in survey years. Figure 69 presents the average annual per capita household 
energy requirement for urban India income deciles in survey years. 
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Figure 68 Annual per capita household based energy requirement for rural India income deciles in 2005 (panel A) and 
2012 (panel B) 
 
Figure 69 Annual per capita household based energy requirement for urban India income deciles in 2005 (panel A) and 
2012 (panel B) 
When the energy requirement results presented in Figure 68 and Figure 69 are combined with the 
CO2 emissions results presented earlier in Figure 66 and Figure 67, some interesting observations 
are possible. Most notably, although urban populations used more energy per capita than rural in 
2005 as shown when comparing panel A of Figure 68 and panel A of Figure 69, their per capita 
A) B) 
A) B) 
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emissions were lower when comparing panel A of Figure 66 and panel A of Figure 67, leading to 
the observation that the energy consumed by urban households in that year was less emissions 
intense than that consumed by rural households. However, the same did not hold true for the 
rural and urban energy and emissions relationship in 2012. The growth in indirect energy use – 
especially in energy intense sectors such as transportation – in urban locations was too large to 
maintain relative CO2 emissions equality between the populations, even with energy and CO2 
emission efficiency gains in both the Indian electricity system and the overall economy.   
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Appendix 4-F 
Figure 70 presents the result of income sub-index estimations for each income decile in 2005 and 
2012. The income index value for each decile can be found by comparing solid lines with the 
values on the left axis and the average mean and median per capita incomes for the deciles can 
be found by comparing dotted lines with the 2011 PPP $ income values shown on the right axis. 
 
Figure 70 Average per capita income and income sub-index for India income deciles for 2005 and 2012 
Average per capita income results for both 2005 and 2012 show modest but increasing income 
gains through the first nine deciles followed by a large income increase for the top decile. The 
impact of rising incomes on the income sub-index – especially for the top decile – is minimized 
by current HDI methodology which uses the natural log of income to compute the income sub-
index. In other words, the income index rises quickly at lower incomes but saturates at higher 
incomes. When comparing incomes across study years, results show increasing income gains 
across all deciles, with the largest growth ($6,000 – 7,000 in 2011 PPP $) occurring in the richest 
decile. The observed income increase for the bottom decile between years was the smallest at 
only $154 (2011 PPP $). 
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Results for the median income for the richest decile have been plotted alongside the mean 
income in order to deflate the impact of the incomes of the very richest Indian’s (~top 1%) on 
top decile average per capita income values. Given a bigger sample population, this suggests that 
the very richest of Indians by income should be treated as a separate group from the top decile in 
future analyses. In their study of the connections between GHG emissions and income, Chancel 
and Piketty [13] choose to analyse the top 1% of national populations separately from decile 
groups (ventiles for India). 
Figure 71 presents the result of education sub-index estimations for each income decile in 2005 
and 2012. The education index value for each decile can be found by comparing solid lines with 
the values on the left axis and the average MYS and EYS for the deciles can be found by 
comparing dotted lines with years shown on the right axis. 
 
Figure 71 Average MYS, EYS and education sub-index for India income deciles in 2005 and 2012 
MYS results for the adult populations in both 2005 and 2012 survey years show a slow rise 
across the bottom five deciles with a slightly quicker increase across the next two deciles 
followed by a rapid increase across the top three deciles. When comparing 2005 and 2012 survey 
years, small gains in MYS are observed for all but the top decile. EYS results for children 
entering school in each study year show similar trends across the bottom five deciles in both 
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2005 and 2012. However, EYS increases for each of the top five deciles in 2005 are greater than 
gains for each of the top five deciles in 2012, suggesting less inequality both across the top five 
deciles in 2012 (2.5 year difference in 2012 as opposed to 4 years in 2005) as well as across all 
deciles in that survey year (3.4 year difference in 2012 as opposed to 4.8 in 2005). When 
comparing EYS between 2005 and 2012 survey years, improvements across all deciles are 
apparent with the bottom decile making a 2.5 year jump and the top decile seeing a 1.1 year 
improvement over seven years. 
Results for the overall education sub-index, which is based on both MYS and EYS values and is 
not log adjusted, is dominated by gains in the EYS both across deciles in a study year and 
between study years. The largest gains in the education sub-index between study years are 
registered for the bottom six deciles with decreasing gains observed across the top four deciles. 
In fact, the top decile’s education index gain was roughly a third of the bottom deciles index 
gain. Overall, the education sub-index trends shown in Figure 71 support an observation of 
decreasing education based inequality in India between 2005 and 2012.   
Figure 72 presents the result of health sub-index estimations for each income decile in 2005 and 
2012. The health index value for each decile can be found by comparing solid lines with the 
values on the left axis and the average LEB for the deciles can be found by comparing dotted 
lines with the years shown on the right axis. 
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 Figure 72 Average LEB and health sub-index for India income deciles for 2005 and 2012 
The estimated health sub-index and results shown in Figure 72 for survey years are the least clear 
of the HDI focused results. The 2005 data set which contains less sources of error both in 
collection, interpretation and analysis of data, shows a noisy
162
 but fairly large inequality in LEB 
of 9.6 years between top and bottom deciles. Although the 2012 LEB analysis shows less 
inequality (only 2.6 years) across deciles top and bottom deciles, the 2012 data set contains a 
much greater scope for error (see methodology section, and connected end notes). In particular, 
the lack of recorded elderly deaths in all deciles for 2012 is expected to hamper observation of 
longevity gains made by elderly populations in richer deciles, and potentially overstate the LEB 
of poorer deciles. As the HDI health sub-index based on LEB is not log adjusted, the sub-index 
and overall HDI score for each decile in both study years – but particularly 2012 – will be 
impacted by the large fluctuations and uncertainty connected to the LEB analysis. This analysis’s 
HDI results for 2012 should be interpreted cautiously. 
                                                 
162
 Noise in LEB is expected to arise from the intersection of small sample sizes and IHDS assigned household 
weighting factors which can be anywhere from 220 to 308,216. It should be noted that the average decile population 
sample sizes of over 20,000 people for each study year, exceeds the minimum sample size of 5,000 people identified 
by a UK government statistical study as the recommended smallest sample size for use in LEB estimations [192]. 
However, that study’s minimum sample size was based on UK conditions and survey methods. A similar in depth 
study would need to be run on Indian data to determine the minimum sample size suggested for a specific survey. 
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Appendix 4-G 
Total aggregate direct and indirect household energy use for India in 2005 and 2012
163
 are shown 
in Table 49 and Figure 73.  
 
Figure 73 Total aggregated direct and indirect household energy use for India in 2005 (panel A) and 2012 (panel B) 
Table 49 Household energy use quantities and share by energy carrier for 2005 and 2012
 Energy carrier 2005 Primary 
energy 
requirement 
(PJ) 
2005 
Share 
direct 
use 
2005 
Share 
total 
use 
2005 CO2 
emissions 
(Mt CO2) 
2012 Primary 
energy 
requirement 
(PJ) 
2012 
Share 
direct 
use 
2012 
Share 
total 
use 
2012 CO2 
emissions 
(Mt CO2) 
Electricity 1593 23% 15% 138 2561 29% 16% 196 
LPG 518 7% 5% 27 973 11% 6% 47 
Kerosene 307 4% 3% 17 345 4% 2% 18 
Commercial solids 1341 19% 12% 123 1428 16% 9% 130 
Non-commercial 
solids 
3263 46% 30% 293 3599 40% 23% 319 
Total Indirect 3901  - 36% 257 7049  - 44% 616 
Total Direct 7021 100% 64% 598 8906 100% 56% 709 
Total Requirement 10922  100% 854 15954  - 100% 1326 
 
Panel A of Figure 73 and Table 49 show a total 2005 direct household energy use of 7,021 PJ 
and a total indirect energy use of 3,901 PJ. By 2012, total direct and indirect energy use grew to 
                                                 
163
 Unlike decile reporting, aggregate India household energy and CO2 emissions figures does not exclude 
households.  
A) B) 
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8,906 PJ and 7,049 PJ respectively, as indicated in panel B of Figure 73 and Table 49. Figure 73 
and Table 49 also indicate that cooking was the primary energy service required by Indians in 
both survey years.
164
  
Furthermore, Table 49 points out that although energy from electricity use grew by 61% between 
survey years, bringing its share of household direct energy use up from 23% to 29%, total energy 
from solid fuel use in households grew by 9% between survey years. In addition, Table 49 shows 
that along with a reduction in the share of solid fuels in total direct household use from 65% to 
56%, the share of self-collected fuels in total direct household use dropped from 46% to 40% 
between study years. Table 50 presents indirect energy use from household consumption 
aggregated to the seven general categories used by Pachauri [38]. 
Table 50 Indirect energy use from household consumption, aggregated to general categories
 Aggregate category [38] 
Energy use (PJ) 
2005 
Share of indirect 
use, 2005 
Energy use (PJ), 
2012 
Share of indirect use, 
2012 
Transport 661 17.0% 1999 28.4% 
Food , Beverages, Tobacco 970 24.9% 1399 19.8% 
Clothing, Footwear 583 15.0% 813 11.5% 
Education, Recreation 435 11.2% 823 11.7% 
Medical care, Hygiene 631 16.2% 1176 16.7% 
Other Services 356 9.1% 562 8.0% 
Housing and household 
effects 
264 6.8% 276 3.9% 
 
Table 50 shows that with the exception of “housing/household effects”, there is clear growth in 
all indirect energy categories between survey years. Table 50 also shows that indirect energy use 
connected with transportation shows the greatest growth, overtaking food as the biggest 
contributor to indirect household energy use in 2012. 
Total aggregate direct and indirect household CO2 emissions for India 2012 are shown in Figure 
74. Table 49 provides a comparison of total household energy requirements by year and energy 
carrier. 
                                                 
164
 IHDS did not ask about the main energy service provided by electricity in the household as it did for other direct 
use fuel types, this study chose to record electricity in the “combined use” category.  
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Figure 74 Total aggregate direct and indirect CO2 emissions for India in 2005 (panel A) and 2012 (panel B) 
Figure 74 shows a large CO2 emissions increase between survey years. The emissions increase is 
the result of changes in energy use patterns that can be observed between study years in Figure 
73. However, the CO2 emissions increases connected to electricity and indirect energy use do not 
propagate across the years as expected. In particular, despite the 61% growth in household 
electricity use between survey years, emissions have not increased by nearly that much. As 
discussed in the main text, a lessening of the CO2 emission’s intensity of the electricity sector in 
India between 2005 and 2012 arises from a combination of the overall lowering of the average 
Indian grid emissions factor and a reduction in T&D losses between survey years.  
A comparison of Figure 74 with Figure 73 also makes possible the observation that while there 
was an 81% increase in indirect energy use between study years, emissions from indirect energy 
use grew by 140%. A comparison of energy and emissions increases in the transportation sector 
provides an explanation as to how this is possible. The large increase in indirect energy use 
connected with transportation between panel A and B of Figure 73, a sector with a fairly high 
CO2 emissions intensity in both survey years, underlies a portion of the disproportionate growth 
in overall CO2 emissions witnessed in the move from panel A to panel B of Figure 74.  
A) B) 
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Appendix 4-H 
Figure 75 presents the annual per capita household boundary and end-use energy in GJ for India 
income deciles in 2005 and 2012. 
 
Figure 75 Annual per capita household boundary energy and end-use energy for all India 2005 and 2012 income deciles 
(GJ) 
For deciles six through nine in both study years, Figure 75 shows increasing end-use energy 
while direct household boundary energy shows a decreasing trend. For 2012 results this trend 
appears to hold generally true from the poorest to richest deciles. An increase in end-use energy 
with decreasing household boundary energy suggests an increase in the efficiency of energy 
services in richer deciles.  
Figure 76 presents the annual per capita household boundary energy and CO2 emissions from 
total direct primary energy use for all-India income deciles in 2005 and 2012. Energy in GJ is 
shown on the left axis of Figure 76 while CO2 emissions in tonnes are shown on the figure’s 
right axis. 
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Figure 76 Annual per capita household boundary energy and CO2 emissions from total direct primary energy use for all-
India income deciles in 2005 and 2012 
The same household boundary energy use trends described for Figure 75 hold for Figure 76, 
namely that energy use decreases between deciles six through ten in 2005 and decreases across 
all deciles in 2012. However, despite these decreases, Figure 76 indicates that the richest decile 
in 2005 has greater CO2 emissions from direct primary energy use than the sixth decile, and 
emissions hold nearly constant across all deciles but the final decile in 2012, which sees a 
noticeable increase in per capita CO2 emissions. When comparing across study years in Figure 
76, the three poorest deciles see both increases in CO2 emissions and energy use from 2005 to 
2012 and the five richest deciles all see both decreased CO2 emissions and energy use during the 
same time frame.  
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Appendix 4-I 
Figure 77 presents the average annual per capita CO2 emissions from use of commercial energy 
carriers and household consumption for all India income deciles in 2005 and 2012. Income 
deciles presented in Figure 77 contain the same households for each year as those presented in 
Figure 27. 
 
Figure 77 Annual per capita household based CO2 emissions from use of commercial energy carriers and household 
consumption for all-India income deciles in 2005 (panel A) and 2012 (panel B)  
Both panels A and B of Figure 77 show a clear increase in CO2 emissions from use of 
commercial energy carriers and household consumption across all-India 2005 income deciles 
within survey years. Figure 77 also shows that CO2 emissions from household use of commercial 
energy carriers between survey years appears to stay roughly the same or reflect a small decrease 
between deciles in survey years. What is extremely clear when comparing deciles between 
survey years in Figure 77 is that CO2 emissions from household consumption have grown for all 
deciles between 2005 and 2012, with the greatest increases occurring in the richest deciles.  
A) B) 
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Appendix 4-J 
Figure 78 presents annual per capita household boundary energy use and end−use energy in GJ 
plotted against HDI for India income deciles in 2005 and 2012.  
 
Figure 78 Annual per capita household boundary and end−use energy totals plotted against HDI for all India 2005 and 
2012 income deciles 
Figure 78 suggests that in general, as incomes and HDI scores increase, so does the total amount 
of end-use energy harnessed by a household – even though less household boundary energy is 
being consumed. One potential driver for increasing end-use energy despite decreasing 
household boundary energy is the use of more efficient energy services in richer households. 
Another driver for this apparent contradiction is the ability of richer households to consume a 
greater amount of modern energy carriers; carriers that gain their energy dense form through 
energy (and emissions) intense processing occurring outside of household boundaries.  
Very high 
Low 
Medium 
High 
(*2012) 
(*2005) 
*UNDP (2015) reported HDI’s for each study year 
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Appendix 4-K 
Harttgen and Klasen [126] estimate the HDI scores of income decile in India using 2005 DHS 
data. Results from Harttgen and Klasen represent a better point of comparison for this study than 
results from Grimm et al. [24] who calculate quintile rather than decile results and use older HDI 
estimation methods. Harttgen and Klasen find first and last decile HDI scores of 0.305 and 
0.636, resulting in a ratio of the tenth to direst decile of 2.09. This study estimates higher first 
and last decile HDIs of 0.362 and 0.742 for 2005, but has a tenth to first decile ratio of nearly the 
same at 2.05.  
Harttgen and Klasen’s [126] use of 2010 UNDP [347] methods to estimate their decile HDI are a 
likely source of lower scores for all deciles.
165
 In particular the use of 2010 methodology, which 
incorporates an upper income goalpost of 108,211 (PPP $) rather than the $75,000 (2011 PPP $) 
used in more recent UNDP methodology [18, 133], will result in a lower income index and lower 
overall HDI. Differences in income index scores may also arise from Harttgen and Klasen’s 
estimation of household incomes from DHS asset data, as the DHS does not collect income or 
expenditure data for households. 
This study estimates a household boundary energy use of 5,651 PJ for all of India in 2005. That 
figure seems low when compared with Pachauri’s [38] 2000 result of 6,007 PJ and an expected 
growth of ~1.8% per annum over the next five years. This study’s household boundary energy 
use figure is also low when compared with Reddy and Srinivas’s [172] report of 6,092 PJ of 
household energy consumption in 2005.
166
 A tentative comparison can also be made with the 
IEA [183] residential direct energy use total for India in 2005 of 6,468 PJ.
167
 Table 51 provides a 
comparison of household boundary energy use reported by literature sources in the year given 
with results for household boundary energy use in India in 2005 from this study. 
                                                 
165
 UNDP methodology for 2010 also differs in the estimation of the education index, as do the goalposts for both 
health and education indices. 
166
  Data is from the Centre for Monitoring Indian Economy and is behind a paywall. 
167
 This figure contains direct energy used by households for transportation and energy from natural gas and does not 
include the primary energy involved in electricity production. 
306 
 
Table 51 Comparison of study findings for 2005 household boundary energy use with relevant literature
 Energy carrier 
(all in PJ)***** 
Results 
2005 
Pachauri [38] 2000 
(1970) 
Reddy and 
Srinivas [172] 2005 
IEA [183] 2005 
Biomass 4563 4,955 (3,091) 4,950 5,057*** 
Coal/Charcoal 34.5 22 (86) 0* 119****** 
Kerosene 248 390 (117) 265 0 
LPG 395 227 (0) 427 0 
Electricity 411 272 (14) 450 382 
Others 0 141 (235) 0 909**** 
Total 5651 6,007 (3,542) 6,092** 6,468 
*       Potentially partially included in biomass 
**     Total given in Table 2 in [172] is 5642 PJ, but the figures given in that table add up to the total shown here. 
***   Biofuels and waste category in IEA [183]. IEA [348] balance definitions do not indicate whether the figure includes 
non-commercial energy sources, but from the size of the figure, it is assumed to. 
**** Combines IEA categories for Oil products (882), natural gas (23) and Geo, solar, et cetera (3)  
***** Categories align with Pachauri [38] 
****** Includes coal, peat and oil shale [183]. 
 
A additional comparison of this study’s household electricity findings of 411 PJ (this represents 
electricity used in the household only and does not reflect primary energy) for 2005 can be made 
with national energy statistics [349] which place the overall domestic consumption of electricity 
in 2005-2006 at 360 PJ. When placed alongside IEA [183] estimation of 382 PJ and Reddy and 
Srinivas [172] estimation of 450 PJ, this study’s household boundary electricity use results 
appear reasonable.  
Energy focused results from this analysis can also be compared with Khandker et al.’s [37] 
estimates of urban and rural household boundary energy use from the IHDS 2005 dataset. In 
general my analysis arrives at a much lower monthly household energy use for rural populations 
(68.4 vs 93.7 kgoe
168
/household/month) and almost the same energy use a month for urban 
populations (33.8 vs. 36.1 kgoe/household/month). As solid fuel usage makes up over 95% of 
that difference in rural populations and 85% of that difference in urban populations, it is 
expected that differing non-commercial fuel imputation methods are the main point of 
divergence between analyses.
169
 Differing electricity price estimates (electricity prices are not 
part of IHDS data sets) provide a smaller point for potential divergence. Despite methodological 
differences, Khandker et al.’s [37] findings on the relative differences in energy use and carriers 
between urban and rural populations are supported by the this chapter’s findings. 
Literature sources reporting household boundary energy use in 2012 are much fewer. Table 52 
presents a tentative comparison of the IEA’s [187] residential direct energy use total of 7,420 for 
                                                 
168
 1 kgoe = 41.868 MJ 
169
 Imputation methods are not detailed in the journal paper or related working paper [373]. 
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India in 2012, with this study’s finding for 6,639 PJ of household energy use in India in 2012. 
The IEA comparison is challenged by the same issues as those reported for 2005. 
Table 52 Comparison of study findings for 2012 household boundary energy use with relevant literature
 Energy carrier (all in PJ) Results 2012 IEA [187] 2012 
Biomass 4987 5,591* 
Coal/Charcoal 33.8 140** 
Kerosene 258 0 
LPG 692 0 
Electricity 669 678 
Others 0 1012*** 
Total 6639 7,420 
*   Biofuels and waste category in IEA [187]. IEA [348] balance definitions do not indicate whether the figure includes 
non-commercial energy sources, but from the size of the figure, it is assumed to. 
** Includes coal, peat and oil shale [187]. 
*** Combines IEA [187] categories for Oil products (882), natural gas (23) and Geo, solar, et cetera (3)  
 
If the comparison is extended to this study’s 2012 household electricity findings of 669 PJ, 
national energy statistics [349] for 2012-2013 estimate the same number. The IEA’s [187] 
residential electricity use estimate of 678 PJ is also fairly close to this study’s finding. 
This study’s results differ more widely with reported findings in literature when considering 
indirect primary energy results. Pachauri [38] reports an annual per capita figure of 7.3 GJ for the 
year 1998-1999.  This study finds for an annual per capita figure of 3.9 GJ for the year 2005. A 
comparison of the sectoral energy intensities calculated by Pachauri [38] for 1998-1999 and the 
sectoral energy intensities taken directly from the EORA database for India in 2005 show that 
with the exception of three (out of 99) comparable sectors, EORA energy intensities are lower 
than Pachauri’s intensities. The most striking differences involve agricultural products. EORA’s 
paddy and wheat sectoral intensity are 10% and 8% of Pachauri’s figures respectively.  
One reason for the difference between Pachauri’s [38] and EORA’s sectoral intensities arises 
from Pachauri’s inclusion of non-commercial energy in each sector’s energy intensity. Pachauri 
[38] estimates that non-commercial energy comprised 21.4% of total final energy consumption 
in the industrial sector and 32.3% in the agricultural sector in 1999-2000. While non-commercial 
energy’s role in industrial and agricultural sectors will have changed between 2000 and 2005 and 
then again by 2012, the lack of inclusion of non-commercial energy in EORA data is expected to 
systematically lower EORA energy (and emission) intensities across all sectors when compared 
to databases that do include non-commercial energy. Specifically with respect agricultural 
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sectors in India, EORA’s global approach170 is almost certainly unable to capture the impact of 
electricity pilferage and heavily subsidized electricity for irrigation on sectoral energy and 
emissions intensities [38] that India focused intensities like Pachauri’s are able to account for. 
In a comparison of changes in India’s sectoral energy intensities over time, Pachauri [38] not 
only found reduced intensities for five of the most energy intensive sectors supporting the Indian 
economy between 1983 and 1999, but also a 34% reduction in the overall energy intensity of the 
Indian economy during that period. The likely continuation of this trend between 1999 and 2005 
represents a general driver pushing Pachauri’s [38] higher intensities in the direction of EORA’s 
lower intensities. However, the omission of drivers for higher intensities such as widespread 
non-commercial energy use and pilfered and heavily subsidized electricity in an irrigation needy 
agricultural sector suggest the need to adjust EORA intensities in the direction of Pachauri’s 
much higher intensities. Without such an adjustment, this study suspects that its indirect energy 
(and GHG emission) results for Indian households in 2005 and 2012 are at the low end of the 
spectrum. 
This study’s emission results for 2005 can be tentatively compared with other literature sources. 
Grunewald et al. [36] report a mean annual per capita household carbon footprint of 0.3 t CO2. 
Grunewald et al. estimate that figure solely based on consumption reported in household survey 
data. The indirect emission of CO2 associated with the purchase of energy carriers is included in 
their analysis, but the direct emission of CO2 from the end-use of those carriers is not included. 
Grunewald et al. also do not include CO2 emissions from the use of non-commercial energy 
sources. As expected, this study’s 2005 average annual per capita figure of 0.84 t CO2 is a good 
deal higher than Grunewald et al.’s. However, if only consumption related emissions (not 
including energy carriers) are used to estimate CO2 emissions, then an average figure of 0.26 t 
CO2 is found. If this finding is then adjusted to include only the indirect emissions connected 
with the household consumption of energy carriers, it is expected that the resulting figure would 
approach if not overtake Grunewald et al.’s [36].  
Although, EORA’s sectoral emissions intensities for paddy and wheat are roughly 40% of 
                                                 
170
 EORA’s standard application of methodology across every country in its database means that unless context 
specific energy/emissions drivers such as non-commercial energy, subsidized electricity and pilferage are included 
for each sector in the nationally reports that EORA is drawing from, they will not be included in country results. 
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Grunewald et al.’s GTAP based intensities, there appears to be no obvious pattern to sectoral 
intensity differences across the rest of India’s economy as there was when comparing EORA 
sectoral energy intensities with Pachauri [38]. The proximity of overall average per capita results 
of consumption related emissions despite the difference in intensities in two key consumption 
sectors in each study, suggests an emission accounting boundary difference between the two 
MRIO databases and an area for further study and understanding.  
Literature such as Pathak et al. [204] is useful in better understanding the emission intensity of 
key food commodities in India. However, one of the key findings from Pathak et al. is that the 
CO2 represents only 16% of total GHG’s (considers methane and nitrous oxide as well) emitted 
on average over the life cycle (production, processing, transport, preparation) of common food 
items in India. Taken alongside literature such as Chancel and Piketty [13], such findings provide 
a solid argument for the need for studies such as this one to consider all greenhouse gases arising 
from consumption rather than just CO2. The provision of GTAP and EORA table outputs for 
GHG emission intensities in CO2e, make this a possibility. 
Parikh et al. [196] report a total aggregate India household CO2 emissions of 707 Mt from direct 
use of fossil fuels and indirect emissions from consumption. That finding does not appear to 
include direct emissions from biomass sources, which comprise over two-thirds of direct 
household emissions in this study as shown in Figure 74, but does include direct use of fossil 
fuels for transportation which this study was unable to include. Allowing for these large 
differences, only the grossest of comparisons can be made between this study’s aggregate 2005 
figure for India household CO2 emissions from commercial fuels and indirect consumption of 
562 Mt and Parikh et al.’s. A more informed comparison requires detailed information on Parikh 
et al.’s [196] allocation of emissions to Indian households given in Table 2 of that paper. It can 
be generally observed that the total CO2 emissions from all sources (direct use of fossil fuels 
including transportation, direct use of biomass fuels, and indirect emissions related to non-energy 
consumption), will be higher than either this study’s or Parikh et al.’s estimate.  
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Appendix 4-L 
Growing end-use energy despite a decrease in household boundary energy use for deciles 6-10  
Figure 75 indicates that in both survey years, richer households (income deciles six to ten) have 
been able to decrease the energy used in their houses while at the same time deriving greater 
utility from that energy. That general trend also appears to hold true across all deciles in 2012. 
This seems counter intuitive at first glance, but when the increase in the efficiencies of energy 
services is considered, then the reason for this trend becomes clearer. For example, in order to 
release the same amount of end-use energy, a household that indicates it cooks in an 18% 
efficient [171] traditional stove using firewood, will require three times as much household 
boundary energy a household that burns LPG in a stove having an average efficiency of 54%. 
Furthermore, if a household were to use electric lighting at 95% efficiency [37] instead of the 
same firewood and stove combination, less than five times the amount of household boundary 
energy would be required.  
These are simplifications, but it is clear from such comparisons, and the results shown in Figure 
26, that the explanation for increasing end-use energy with decreasing household boundary 
energy lies in richer households choosing to replace low efficiency energy services with higher 
efficiency ones. Khandker et al. [37] who estimate direct household boundary and end-use 
energy from IHDS 2005 data using similar methods, but present results separately for urban and 
rural Indian populations, depict very similar household boundary and end-use efficiency trends 
to the one described in this section for all but the top three 2005 urban deciles.  
That solid fuels provide the energy for 83% of IHDS 2012 reported cooking energy services
171
 
and represent a quarter of the 2012 total household energy requirement shown in Figure 73, 
makes it clear that improvements in cooking energy service efficiency remain a critical potential 
area for reductions in solid fuel use in Indian households. Although efforts to increase the 
efficiency of India’s solid fuel household cooking systems have been underway for over 50 years 
[151, 350], less than 7% of households represented by the IHDS 2012 survey indicated using an 
improved
172
 solid fuel cook stove against 58% which reported using open or traditional cooking 
                                                 
171
 The IHDS survey does not allow a respondent to indicate the energy services that electricity provides in the 
house. This percentage would be lower if electricity’s role in cooking energy services was included. 
172
 As the question focuses on whether or not the chulha has a chimney (“Improved chulha, with chimney”), there 
are no grounds to determine whether using an improved chulha also results in an energy efficiency gain.  
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solutions. Over 34% of households reported a household chulha type of “Other/not biomass 
(Kerosene, LPG, et cetera)”.173 IHDS reported results from 2012 represent a large improvement 
from 2005’s IHDS findings of 24% of represented households with a “No biomass stove”, 4.3% 
with an improved chulha, and over 70% cooking on open or traditional cooking solutions. 
Despite such gains, in 2012 nearly 700 million people in India lived in households using 
traditional or open fire solid fuel cooking solutions and fewer than 400 million reported living in 
households using modern cooking solutions. 
Appendix 4-M 
The general form for estimating energy/CO2 emissions (ɛ) to income/expenditure (X) elasticities 
(e) is given in Equation 31.  
Equation 31 General formula for energy/CO2 emissions to income and expenditure elasticities (e) [29] where ɛ is either 
energy or CO2 emissions and X is either income or expenditure   
𝑒𝑋,𝜀 = (𝜕𝜀/𝜕𝑋)/(𝜀/𝑋)) 
Estimating a constant elasticity using empirical household survey data involves regressing 
household survey data using Equation 32. 
Equation 32 Formula for estimating a constant energy/CO2 emissions to income and expenditure elasticity (e) using 
empirical household survey data [29, 31], where k is a constant, ɛ is either energy or CO2 emissions and X is either income 
or expenditure  
𝜀 = 𝑘𝑋𝑒 
This study’s chosen method for estimating elasticities follows Roca and Serrano’s [31] use of the 
ordinary least-squares method with Equation 33.  
Equation 33 Equation to which ordinary least square method is applied to determine constant energy/CO2 emissions to 
income and expenditure elasticities (e) [31] in India in 2005 and 2012, where z is a constant, ɛ is either energy or CO2 
emissions and X is either income or expenditure 
ln 𝜀 = 𝑧 + 𝑒 ln 𝑋 
Table 53 lists the income, expenditure, energy, and CO2 emissions data needed to estimate a 
                                                 
173
 This figure is slightly less than the IEA and World Bank [114] reported WHO results which found that 36% of 
India’s population had access to non-solid fuels in 2012. IHDS 2005 analysis results showing only 24% modern 
cooking solution use differ with an interpolation of WHO estimates for 2005 that suggest that 33% of India’s 
population [114] had access to non-solid fuels in that year. WHO estimation methodology in India would need to be 
consulted, but IHDS results may better reflect a population’s ability to reliably afford to use a modern cooking 
solution, rather than the availability of the solution in a location.  
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variety of elasticities for India in 2005 and 2012. It should be noted that Deaton’s [328] 
observation that “[s]urvey−based estimates of income are often substantially less than 
survey−based estimates of consumption, even when national income estimates show that 
households as a whole are saving substantial fractions of their incomes”, appears to hold true in 
for the IHDS survey in both years.  
Table 53 Income, expenditure, energy, and CO2 emissions data needed to estimate a variety of elasticities for India in 2005 
and 2012  
2005 Deciles 1 2 3 4 5 6 7 8 9 10 All 
Per capita expenditure 
(2005 INR) 
5991
174
 5762 6036 6568 7110 7776 8914 10691 13147 21621 9362 
Per capita income (2005 
INR) 
1224 2301 3076 3918 4919 6215 8001 10814 15749 38101 9432 
Per capita energy use 
from all sources 
8.48 8.34 8.51 9.30 9.47 10.06 10.92 11.92 13.15 18.86 10.90 
Share of per capita 
energy use from 
commercial energy and 
consumption 
53.1% 53.4% 53.8% 59.8% 62.6% 65.0% 72.2% 77.5% 82.5% 90.6% 70.3% 
Per capita CO2 from all 
sources 
0.69 0.68 0.70 0.76 0.76 0.81 0.86 0.92 0.98 1.36 0.85 
Share of per capita CO2 
from commercial energy 
and consumption 
48.6% 48.9% 49.3% 55.6% 58.3% 60.6% 68.3% 73.8% 79.0% 88.3% 65.8% 
2012 Deciles 1 2 3 4 5 6 7 8 9 10 All 
Per capita expenditure 
(2012 INR) 
13134 13597 14810 16817 17759 19889 22626 26662 32748 50990 22903 
Per capita income (2012 
INR) 
2879 5738 7913 10092 12688 15888 20438 27267 40121 100631 24366 
Per capita energy use 
from all sources 
9.62 9.55 10.23 10.60 11.17 11.69 12.83 14.46 16.57 24.52 13.12 
Per capita energy use 
from commercial energy 
and consumption 
57.7% 59.5% 64.4% 68.5% 70.0% 75.3% 78.9% 84.0% 88.8% 94.1% 77.5% 
Per capita CO2 from all 
sources 
0.83 0.82 0.87 0.89 0.94 0.97 1.06 1.18 1.34 1.99 1.09 
Per capita CO2 from 
commercial energy and 
consumption 
56.5% 58.1% 62.9% 66.8% 68.2% 73.7% 77.3% 82.7% 87.7% 93.6% 76.0% 
 
Figure 79 presents plots of the natural logs (ln) of per capita energy (panel A) and CO2 (panel B) 
from commercial sources and consumption versus the ln of expenditure in India in 2005 and 
                                                 
174
 Table 53 shows the first decile in 2005 with greater average per capita expenditure than the second decile despite 
a much lower per capita income. Despite the use of techniques to remove richer households reporting low incomes 
from business or agricultural losses from first decile accounting, it is inevitable that the techniques used will not 
remove all households and that some richer households with low reported incomes, but high expenditure will have 
slipped through and been included in the first decile’s household cohort. It is expected that per capita expenditure 
levels from these richer households – which also have fewer residents on average than poorer households – are the 
cause of a slightly inflated first decile expenditure figure in 2005. 
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2012. 
 
Figure 79 Plots of the ln of per capita energy (panel A) and CO2 (panel B) from commercial sources and consumption 
versus the ln of expenditure in India in 2005 and 2012  
Panel A of Figure 79 returns energy to expenditure elasticities from commercial sources and 
consumption for India in 2005 and 2012 of 1.03 and 1.05 respectively. Panel B of Figure 79 
returns CO2 to expenditure elasticities from commercial sources and consumption for India in 
2005 and 2012 of 0.98 and 1.02 respectively. Figure 79 shows energy and CO2 to expenditure 
elasticities from commercial sources and consumption varying little between survey years. 
Figure 80 presents plots of the ln of per capita energy (panel A) and CO2 (panel B) from 
commercial sources and consumption versus the ln of income in India in 2005 and 2012. 
A) B) 
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Figure 80 Plots of the ln of per capita energy (panel A) and CO2 (panel B) from commercial sources and consumption 
versus the ln of income in India in 2005 and 2012 
Panel A of Figure 80 returns energy to income elasticities from commercial sources and 
consumption for India in 2005 and 2012 of 0.43 and 0.43 respectively. Panel B of Figure 80 
returns CO2 to income elasticities from commercial sources and consumption for India in 2005 
and 2012 of 0.41 and 0.42 respectively. Figure 80 shows energy and CO2 to income elasticities 
from commercial sources and consumption varying little between survey years and with much 
lower values than respective expenditure related elasticities. Figure 81 presents plots of the ln of 
per capita energy (panel A) and CO2 (panel B) from all household sources versus the ln of 
expenditure in India in 2005 and 2012. 
 
Figure 81 Plots of the ln of per capita energy (panel A) and CO2 (panel B) from all household sources versus the ln of 
expenditure in India in 2005 and 2012 
 
A) B) 
A) B) 
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Panel A of Figure 81 returns energy to expenditure elasticities from all household sources for 
India in 2005 and 2012 of 0.60 and 0.68 respectively. Panel B of Figure 81 returns CO2 to 
expenditure elasticities from all household sources for India in 2005 and 2012 of 0.49 and 0.63 
respectively. Figure 81 shows energy and CO2 to expenditure elasticities from all household 
sources, with both lower values and varying more between survey years than CO2 to expenditure 
elasticities from just commercial energy and consumption.  
The inclusion of self-collected energy carriers in elasticity estimations shown in Figure 81 
appears to have a lowering effect on elasticity values. Pachauri’s [38] analysis of survey data 
from Indian households between 1983 and 1999 is in agreement with this observation. An 
increased overall share of commercial energy carriers and consumption between study years in 
Figure 81 appears to be driving noticeable increases in 2012 elasticities for all deciles. Pachauri 
also finds increasing consumption to be the main driver of total energy requirement increases 
between first and last study year periods. 
The ln of income versus the ln of per capita energy and CO2 from all household sources in India 
in 2005 and 2012 are not provided here. The same lowering of elasticity values when compared 
to CO2 to expenditure elasticities from just commercial energy and consumption, and difference 
in values between study years – arising from the same apparent sources – is observed. 
Table 54 summarises estimations for a number of elasticities for India in 2005 and 2012.  
Table 54 Estimations for a number of elasticities for India in 2005 and 2012 
Elasticity type 2005 2012 
Energy to expenditure from commercial sources and consumption (non-commercial excluded) 1.03 1.05 
CO2 to expenditure from commercial sources and consumption (non-commercial excluded) 0.98 1.02 
Energy to income from commercial sources and consumption (non-commercial excluded) 0.43 0.43 
CO2 to income from commercial sources and consumption (non-commercial excluded) 0.41 0.42 
Energy to expenditure from all household sources 0.60 0.68 
CO2 to expenditure from all household sources 0.49 0.63 
 
All elasticity values in Table 54 sit within the ranges found in the literature surveyed in 
Appendix 3-F. Furthermore, a Pachauri [40] study of Indian household survey data focused on 
just 1993-1994, found for a total energy requirement to expenditure elasticity for all India of 
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0.67. This elasticity value resembles the Table 54 listed total energy requirement to expenditure 
findings of 0.60 and 0.68 from this study.  
No effort has been made to use survey data at the household level to estimate separate elasticities 
for income groups in urban and rural locations as Grubler and Pachauri [143] do for India in 
2000 – although given more time this is certainly possible. As Grubler and Pachauri do not 
provide national estimates of expenditure elasticities
175
 for India, there is no basis for comparison 
of their findings with Table 54 findings.  
“Basic expenditure elasticity approach” from Wiedenhofer et al. [42]  
Table 55 presents the results of “basic expenditure elasticity approach” found in Wiedenhofer et 
al.’s [42] study of carbon footprints for different income groups in China. It has been replicated 
for deciles in India using the data in Table 53 and Equation 34. Only CO2 emissions from 
commercial energy sources and consumption are included in the estimation process. 
Equation 34 Approach to estimate basic CO2 emissions (ɛ) to expenditure (X) elasticities (e) from Wiedenhofer et al. [42] 
𝑒𝑖 = (ɛ𝑖/ɛ𝐼𝑛𝑑𝑖𝑎 )/(𝑋𝑖/𝑋𝐼𝑛𝑑𝑖𝑎) 
Table 55 “Basic CO2 emissions elasticity of expenditure” for each decile in 2005 and 2012 using Wiedenhofer et al. [42] 
method  
Deciles 1 2 3 4 5 6 7 8 9 10 All 
CO2 emissions elasticity of 
expenditure 2005 
0.94 0.97 0.95 1.07 1.05 1.05 1.10 1.06 0.99 0.92 1.00 
CO2 emissions elasticity of 
expenditure 2005 
0.99 0.96 1.02 0.98 1.00 1.00 1.00 1.01 1.00 1.01 1.00 
 
Table 55 results from the Wiedenhofer et al. [42] “basic expenditure elasticity approach” shows 
much greater variability of CO2 emissions elasticity of expenditure across deciles in 2005 than 
2012, with 2005 elasticities rising above 1.0 for the 4
th
 through 8
th
 deciles in 2005. While Table 
55 might be very tentatively compared with the “basic expenditure elasticities” found for urban 
(ranging from 0.95 to 1.0) and rural (1.1 to 1.13) income groups in China in 2012 [42], there 
seems to be little utility in extending comparisons to earlier findings in Table 54 as the 
Wiedenhofer et al. approach always results in a national elasticity of 1.0, with all other 
elasticities being relative. In fact, what Wiedenhofer et al.’s “basic expenditure elasticity 
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 Which they label income elasticities. 
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approach” estimates does not appear to be elasticity at all, but rather the ratio of emissions per 
unit of household consumption for each income group normalized by the national average.  
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9.4 Chapter 5 Appendices 
Appendix 5-A 
 
Figure 82 Map of refugee camps, populations and their homes in Burma/Myanmar from 2014 [351]  
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Appendix 5-B 
Research & reporting timetable 
16 Mar – 24 Mar: Settle in at TBC office, Chiang Mai 
25 Mar – 27 Mar: TBC orientation and consultation in Mae Sot  
30 Mar – 04 Apr: Consultations with TBC field office in Umphang (Nu Po and Umpiem) 
10 Apr – 17 Apr: Camp research planning and organization 
20 Apr – 23 Apr: Consultations with TBC field office in Kanchanaburi (Tham Hin and Ban 
Don Yang) 
24 Apr – 02 Apr: Finalize research planning and organization 
03 May – 04 May: Consultations with TBC field office in Mae Sot (Mae La) 
04 May – 08 May: Nu Po preparations & interviews 
11 May – 16 May: Mae La preparations & interviews 
18 May – 25 May: Camp research documentation and reporting, partner interviews and 
consultations 
26 May – 30 May: Tham Hin preparations & interviews 
01 June – 08 June: Camp research documentation and reporting 
09 June – 11 June: Mae La follow-up research, Mae Sot 
12 June:  Preliminary camp based research findings and stakeholder interviews, 
Bangkok 
15 June – 06 July: Consultations with TBC partners, Burma/Myanmar research focus and 
interviews, 
07 July – 09 July: Tham Hin settlement workshop, Kanchanaburi/Ratchaburi  
13 July – 02 Aug: TBC camp research report, partner consultations 
03 August:  Draft camp report to TBC 
03 Aug – 04 Aug: Burma/Myanmar research focus 
05 Aug – 07 Aug: Yangon trip to pursue Burma/Myanmar interviews and TBC staff and 
partner consultations 
10 Aug – 14 Aug: Finalize reporting to TBC 
15 August:  Final report to TBC and participants 
16 Aug – 17 Aug: Return to Australia 
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Appendix 5-C 
Semi-structured interview guide (1 April) 
Time: 30 – 50 minutes 
PROJECT: Community led pathways to energy empowerment and improved human welfare for 
the people of SE Burma/Myanmar 
OBJECTIVE: Obtain insight in relation to individual’s thoughts on:  
1) Welfare linkages with energy services  
2) Cooking needs in the camps and SE Burma/Myanmar 
3) Community energy service and energy resource management projects in the region 
General guide/list of questions and topics: 
A. Introductions  
B. Explain the project and purpose of the interview 
C. Introduce concepts – energy and development, human welfare, energy services  
D. Explore ideas of human welfare for displaced people and in their own community in 
southeast Burma/Myanmar:  
 In your experience, what are indicators of good quality of life? Is this changing? 
E. Explore energy’s links to welfare in the lives of people from the region:  
 What energy services do displaced people and communities in the region use? Heating, 
lighting? 
 Do energy services have an impact on education, health and mobility? If yes, how? If no, 
why not? 
 Has energy ever negatively impacted your quality of life (such as health or 
displacement)? 
 What role do energy services play in your future? 
F. Explore cooking in camps: 
 Who does most of the cooking in refugee and displaced person’s households? 
 What percentage of cooking needs are fulfilled by the charcoal received?  
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o If less than 100%, what options are there to meet the rest and how do you cope? If 
more than 100%, what happens to the rest? If buy/sell, where? How much/kg? 
o Do you use your fuel for anything besides cooking? 
o How much charcoal (kg) do you use per cooking? And for how many people in 
your family?  
o Do you use other supplies for cooking? If firewood or old building materials 
substituted, for how many days before next distribution?  
o What specific concerns do you have for different fuel coping strategies? 
o Have you ever made charcoal yourself? How?  
 How can TBC better support you to improve your cooking if you use charcoal and other 
supplies?  
o Have you tried a different stove? Where did you get it? Are you interested in a 
different stove? If yes, what would you want the stove to do differently? Why?  
o Would you be interested in participating in a training on making different stoves 
that used different fuel than charcoal? Leaves and branches? Storage in rainy 
season? Fire? 
o Do you use the know about the charcoal press in camp? How? Do you use it? 
How often? 
o How might heating and cooking needs to be different in the future?  
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Appendix 5-D 
Starting at “TBC Budget” at the centre top of the Figure 38, the following list steps through on 
possible loop in the diagram: 
 If the TBC overall budget goes down and the “TBC charcoal ration” follows in the same 
(S) direction, and is reduced – at least this time around, then 
 The “actual cooking energy from ration” moves in the same (S) direction and goes down 
as a reduction in either charcoal quality or quantity lead to less energy to cook with, then 
 The “monthly shortfall between energy required and energy available from ration” goes 
in the opposite (O) direction and increases, then 
 The “energy required from coping strategies” moves in the same direction (S) and 
increases, then 
 A number of coping strategies observed in camp are possible; but in many households, 
“Coping: Energy from self-collected forest products – unmanaged” moves in the same 
(S) direction and increases, then 
 After a delay (||), the potential for “environmental degradation and resource conflict” 
moves in the same (S) direction and increases, then 
 The potential for “Tension with the Thai authorities” moves in the same (S) direction and 
increases, then  
 After a delay (||), the potential for “refugee restrictions in Thailand” moves in the same 
(S) direction and increases, then 
 After a delay (||), the “actual people living & eating in the camp” moves in the same 
direction (S) and increases, then 
 The “total food requiring cooking in the camps” moves in the same (S) direction and 
increases, then 
 The “total household cooking (& drinking water) energy required” moves in the (S) 
direction and increases, which 
 Further moves the “monthly shortfall between energy required and energy available from 
ration” in the same (S) increasing direction. 
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Appendix 5-E 
Table 56 Engineering Calculation Results [modified from 283] 
 
 
  
Food Item 
Mass 
(g) 
Nutritional 
Energy 
Content 
(kJ) 
Cooking Technology Fuel Type 
Useful Heat 
Required 
for Boil 
(MJ) 
Useful Heat 
Required for 
Simmer 
(MJ) 
Total 
Energy 
Required 
for Cooking 
(MJ) 
Fuel 
Required 
(kg) 
Error Range (kg) 
-0.50% +50% 
Rice 400 6029 Traditional Firewood 0.52 0.11 5.8 0.38 0.19 0.58 
Rice 400 6029 Traditional Charcoal 0.52 0.11 3.3 0.12 0.06 0.18 
Corn Soya Blend 50 795 Traditional Firewood 0.17 0.08 2.2 0.15 0.07 0.22 
Corn Soya Blend 50 795 Traditional Charcoal 0.17 0.08 1.3 0.05 0.02 0.07 
Pulses (Beans) 60 836.4 Traditional Firewood 0.21 0.92 10.3 0.69 0.34 1.03 
Pulses (Beans) 60 836.4 Traditional Charcoal 0.21 0.92 6.0 0.21 0.11 0.32 
Rice 400 6029 Improved Cookstove Firewood 0.52 0.11 2.6 0.18 0.09 0.26 
Rice 400 6029 Improved Cookstove Charcoal 0.52 0.11 2.3 0.08 0.04 0.13 
Corn Soya Blend 50 795 Improved Cookstove Firewood 0.17 0.08 1.0 0.07 0.03 0.10 
Corn Soya Blend 50 795 Improved Cookstove Charcoal 0.17 0.08 0.9 0.03 0.02 0.05 
Pulses (Beans) 60 836.4 Improved Cookstove Firewood 0.52 0.92 6.0 0.40 0.20 0.60 
Pulses (Beans) 60 836.4 Improved Cookstove Charcoal 0.52 0.92 5.3 0.19 0.09 0.28 
Rice 400 6029 LPG Stove LPG 0.52 0.11 1.15 0.03 0.01 0.04 
Pulses (Beans) 60 836.4 LPG Stove LPG 0.21 0.92 2.06 0.04 0.02 0.07 
Corn Soya Blend 50 795 LPG Stove LPG 0.17 0.08 0.44 0.01 0.00 0.01 
Rice 400 6029 Traditional Tree Residues 0.52 0.11 6.22 0.48 0.24 0.72 
Rice 400 6029 Improved Cookstove Tree Residues 0.52 0.11 3.02 0.23 0.12 0.35 
Corn Soya Blend 50 775 Traditional Tree Residues 0.17 0.08 2.40 0.18 0.09 0.28 
Corn Soya Blend 50 775 Improved Cookstove Tree Residues 0.17 0.08 1.16 0.09 0.04 0.13 
Pulses (Beans) 60 836.4 Traditional Tree Residues 0.21 0.92 11.09 0.85 0.43 1.28 
Pulses (Beans) 60 836.4 Improved Cookstove Tree Residues 0.21 0.92 5.38 0.41 0.21 0.62 
Boiling Water 2000 0 Traditional Firewood 0.75 0 6.82 0.45 0.23 0.68 
Boiling Water 2000 0 Traditional Charcoal 0.75 0 3.95 0.14 0.07 0.21 
Boiling Water 2000 0 Improved Cookstove Firewood 0.75 0 3.12 0.21 0.10 0.31 
Boiling Water 2000 0 Improved Cookstove Charcoal 0.75 0 2.78 0.10 0.05 0.15 
Boiling Water 2000 0 LPG Stove LPG 0.75 0 1.36 0.03 0.01 0.04 
Boiling Water 2000 0 Traditional Tree Residues 0.75 0 7.35 0.57 0.28 0.85 
Boiling Water 2000 0 Improved Cookstove Tree Residues 0.75 0 3.57 0.27 0.14 0.41 
Boiling Water 2000 0 Kerosene Stove Kerosene 0.75 0 1.67 0.04 0.02 0.06 
Rice 400 6029 Kerosene Stove Kerosene 0.52 0.11 1.41 0.03 0.02 0.05 
Pulses (Beans) 60 836.4 Kerosene Stove Kerosene 0.21 0.92 2.51 0.06 0.03 0.09 
Corn Soya Blend 50 795 Kerosene Stove Kerosene 0.17 0.08 0.54 0.01 0.01 0.02 
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Appendix 5-F 
Table 15 reports that in 2016 TBC spent 81,989,782 THB on 8,443,000 kg of charcoal. Simply 
dividing charcoal cost by the number of refugees returns a 2016 average charcoal cost of 9.7 
THB/kg. Table 57 lists this and other constants used in ACCS estimations. Table 58 provides 
details of ACCS estimations. 
Table 57 Constants and assumed variables used in ACCS estimation 
Source Constants and assumed variables used in ACCS estimation Value Unit 
TBC  Charcoal heating value  22 MJ/kg 
TBC TBC cost for charcoal in 2016  (See Table 15) 9.7 THB/kg 
TBC TBC cost per 20 kg bag of charcoal in 2016 194.2 THB/bag 
TBC TBC minimum energy target 190 MJ/person 
Interviews Stove cost, average (reported range is 90 to 150 THB) 120 THB 
Interviews Lifespan ,years (most often reported) 0.5 years 
Interviews Secondary market cost (reported costs for a 20kg bag range from 80 to 110 THB) 5.5 THB/kg 
SE4ALL Threshold for Level 4 affordability (% of annual income/expenditure) [263] 5%  
 Months in year 12 months/year 
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Table 58 TBC, refugee and total ACCS given both by per person and by per household for households having up to ten people 
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Appendix 5-G 
Figure 83 charts the proximate analysis lab results for ash, moisture, volatile matter, and fixed 
carbon according to percentage by weight along with TBC minimum/maximum standards from 
April 2008 through April 2015 for TBC’s longest running supplier. 
 
Figure 83 Fuel ration supplier LPC – Lab proximate analysis results from April 2008 to April 2015 
The proximate analysis of charcoal supplier LPC presented in Figure 83 tracks the gradual 
lowering of fixed carbon from 2008 to 2015 alongside a gradual rise in volatile matter. Despite a 
loosening of the volatile matter standard in April 2012, volatile matter stayed above the standard 
for more than a year and a half leading up to the end of 2014. Lower fixed carbon and higher ash 
content from mid-2011 through the first quarter of 2012 support Figure 40 ’s diminished overall 
heating values during that same period. Although moisture starts to regularly exceed the 7% 
standard mid-2014, an earlier study of a similar bucket stove found that it wasn’t until charcoal 
fuel moistures reached 11.5% that stove efficiencies dipped below that of an open fire [352].  
Figure 83 suggests that not all fuel quality standards have been met in the past year as the fuel 
supply’s average 7.5% moisture content from the past year exceeds TBC’s 7% ash content 
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standard
176
. It should be noted that TBC’s ability to continue to supply a quality fuel ration to 
refugees is directly tied to its ability to enforce fuel standards going forward.  
                                                 
176
 Other averages were 12.1% (<16%), 31.3% (<33%), and 49.1% (>44%) for ash, volatile matter and fixed carbon 
content respectively. 
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Appendix 5-H 
Higher efficiency cook stoves 
Higher efficiency charcoal cook stoves are an avenue for improving energy access in refugee 
camps. A household using a higher efficiency cook stove can cook more food or boil more water 
than they were previously able to using their cooking energy ration and a lower efficiency stove, 
thus increasing the capacity of their primary cooking solution. For example, a 23.1% efficient 
stove burning 7kg of 22 MJ/kg fuel can deliver the same amount of useful energy to food and 
water as a cooking solution consisting of an 18.7% efficient stove and a cooking energy supply 
of 8.6 kg of 22 MJ/kg fuel. For households using the less efficient stove and needing to purchase 
charcoal to make up the useful energy shortfall, a higher efficiency stove improves affordability 
of the cooking solution after cost savings on purchased fuel amount to more than the price 
difference between lower and higher efficiency stove. For a household of five that normally 
purchases 8kg (1.6kg x 5 people) of fuel a month at 100THB per 20kg bag of secondary market 
TBC charcoal, savings from the switch from an 18.7% to 23.1% stove would amount to 40 THB 
after one month and 400 THB after ten months. Increased cooking solution affordability is 
reached when those savings surpass the cost increase of the new stove. 
 
In general, reducing the amount of fuel a stove burns in order to achieve a cooking task reduces 
the HAP emissions connected with that task. However, it should be noted that using a higher 
efficiency stove does not necessarily reduce the amount of overall emissions from burning a 
given amount of fuel [292, 353]. Nor does a higher stove efficiency necessarily ensure 
consistently higher cooking efficiencies during household use [354]. Guidance on cooking 
practices that support stove efficiency gains would need to take place in tandem with the 
introduction of higher efficiency stoves in refugee camps. 
Household cooking practices 
Cooking practices involve how households actually use a cooking solution to prepare meals or 
boil water. Similar to improved efficiency stoves, household cooking practices that reduce fuel 
use also offer the opportunity for capacity, affordability and health and safety benefits to 
residents who practice them diligently. For example, Wei and Moore [260] found that 27.8% of 
Thailand/Myanmar border refugee households surveyed always used lids while cooking, a 
practice that Geller’s [355] study of cooking efficiency in rural India finds might save up to a 
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third of the cooking energy available from a stove
177
 when used in combination with heat 
regulation during simmering. Geller [355] additionally finds that pot material selection and the 
prompt extinguishing of the cooking fuel on completion of cooking (and reuse of that fuel) to be 
significant practices through which to improve overall cooking solution efficiency. However, as 
noted in the discussion on convenience, dousing and reuse of cooking fuel is not an option for 
the majority of TBC supplied charcoal tested by a consultant in 2000.  
Figure 32 provides a list of other cooking practices that offer opportunities for fuel savings, such 
as appropriately sizing pots. Bhattacharya et al. [352] find that pot size has a minor effect on 
stove efficiency when used to bring water to a boil. In their study, greater heat loss from pot size 
was offset by greater heat gain by the surface of the pot. However, those findings are limited to 
bringing water to a boil as the test did not involve simmering after reaching a boil. More research 
is necessary to determine the impact of pot size on simmering. 
Cooking practices that might be changed to improve energy access in camps are not all related to 
cooking efficiency. For instance, in terms of IAQ, Wei and Moore [260] find that stove location 
and height, both cooking attributes that involve user behaviour, are connected with respiratory 
disease. In addition, literature from Cline-Cole et al. [356], who identify greater possibilities for 
cooking inefficiencies in smaller households – especially when the members that make up 
smaller household originated in larger households – offers insight on who might be most 
effectively targeted by cooking practice interventions.  
                                                 
177
 Owen et al. [48] state that using tight fitting lids can provide a 20% fuel savings.  
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9.5 Chapter 6 Appendices 
Appendix 6-A 
Table 59 presents a combination of RCP2.6 CO2 emissions from IPCC [7] Table AII.2.1a and 
the UN’s [2] 2015 - 2100 cumulative medium fertility variant population prospect. Conversion 
values are from IPCC. [357]  
Table 59 Combination of RCP2.6 CO2 emissions from IPCC [7] Table AII.2.1a and the UN’s [2] 2015 - 2100 cumulative 
medium fertility variant population prospect. Conversion values are from IPCC. [357] 
Year 
RCP2.6 
allowed 
period total 
CO2 
emissions (Gt 
CO2) 
Cumulative 
CO2 emissions 
from 2015 – 
period end (Gt 
CO2) 
Cumulative 
population, UN 
medium 
fertility variant 
(billion-year 
individuals) 
Average required 
individual per capita CO2 
emissions between 2015 – 
period end (t CO2 / year) 
Average per capita CO2 
emissions required from 
each individual during 
period (t CO2 / year) 
2015-
2024 
330 330 77 4.28 4.28 
2025-
2034 
265 595 162 3.68 1.64 
2035-
2044 
176 771 253 3.05 0.69 
2045-
2054 
118 889 350 2.54 0.34 
2055-
2064 
57 945 452 2.09 0.13 
2065-
2074 
10 955 557 1.71 0.02 
2075-
2084 
-14 941 665 1.41 -0.02 
2085-
2094 
-30 911 775 1.17 -0.04 
2095-
2100 
-17 894 843 1.06 -0.02 
 
According to Table 59, the average per capita anthropogenic CO2 emissions from fossil fuels and 
other industrial sources required between 2015 and 2100 to likely keep global warming to below 
2° C is 1.06 t CO2. 
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Appendix 6-B 
A slightly better understanding of the HDI indicator values allowing achievement of High and 
Very high human development thresholds is needed to select an appropriate goal. The minimum 
possible indicator values needed under UNDP [18] development methodology in order to reach 
High (0.7) and Very high (0.8) human development thresholds are listed in Table 60. Table 60 
estimates the minimum by assuming that all other indicators are maximised for the population. 
Table 60 Minimum possible indicator values needed in order to reach High (0.7) and Very high (0.8) human development 
thresholds using UNDP [18] methodology and by assuming that all other indicators are maximised for the population.  
Development threshold, indicator to be 
minimized 
HDI 
GNI ($ 2011 
PPP) 
MYS 
(years) 
EYS 
(years) 
LEB 
(years) 
High human development, GNI 0.700 $969 15.0 18.0 85.0 
High human development, MYS 0.700 $75,000 0 18.0 85.0 
High human development, EYS 0.700 $75,000 15 0 85.0 
High human development, LEB 0.700 $75,000 15.0 18.0 42.3 
Very high human development, GNI 0.800 $2,965 15.0 18.0 85.0 
Very high human development, MYS 0.800 $75,000 0.4 18.0 85.0 
Very high human development, EYS 0.800 $75,000 15.0 0.4 85.0 
Very high human development, LEB 0.800 $75,000 15.0 18.0 53.3 
 
Table 60 indicates that if education and health related indicators are maximised for a population, 
then the incomes needed for that population to achieve High and Very high human development 
levels are $969 and $2,965 PPP 2011 respectively. Table 60 shows that if income and education 
indicators are maximised for a population, then the life expectancy at birth years needed for that 
population to achieve High and Very high human development levels are 42.3 and 53.3 years 
respectively. Table 60 shows that if income, health and expected years of schooling indicators 
are maximised for a population, then the mean years of schooling needed by adults in a 
population for that population to achieve High and Very high human development levels are zero 
and 0.4 years respectively. Finally, Table 60 shows that if income, health and mean years of 
schooling indicators are maximised for a population, then the expected years of schooling needed 
by adults in a population for that population to achieve High and Very high human development 
levels are again zero and 0.4 years respectively. 
The upshot of Table 60 is that High and Very high human development thresholds can be still be 
met even if countries have very low indicator values in a particular HDI focus areas. While this 
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allows for nations with differing development characteristics and foci to achieve UNDP created 
development distinctions, it does not necessarily ensure High human development in any 
particular indicator area – especially in areas more critically reflecting human welfare such as 
life expectancy at birth.
178
 This is potentially a reason why research pitched similarly to the 
proposed framework has chosen to focus only on certain aspects of the HDI [10-12] and more 
recently to move focus to the SDGs [9].  
While either High or Very high human development might be chosen as the framework goal, 
chapter three’s finding that more than half of the world still lacks High human development, and 
chapter four’s finding that only one income decile in India enjoyed High human development in 
2012, suggests the framework adoption of High human development as a pragmatic short-term 
human welfare goal.  
                                                 
178
 It would seem that there should be minimum indicator/index levels required in more critical areas before a 
country can be considered to have High human development. 
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Appendix 6-C 
Table 61 presents regional populations lacking access to either electricity or clean cooking 
technologies in 2013 – three billion for modern cooking fuels and one billion for electricity [1], 
along with quintile and national populations lacking access to High human welfare in 2013. 
Table 61 Comparison of regional populations lacking access to High human development in 2013 and those lacking access 
to modern energy services in 2013, according to SE4ALL [1]. Populations from the 47 additional SE4ALL countries not 
included in the 164 covered in this analysis are shown in parenthesis and represent up to 7% of the global population 
lacking access to modern energy services in 2013.179 
Region 
People lacking High 
human development, 
quintiles, 119 or 164 
countries 
People lacking High 
human development, 
nations, 84 of 164 
countries 
People lacking access to 
electricity, 96 of 164 
countries (from countries 
outside analysis) [1] 
People lacking access to 
clean cooking, 127 of 164 
countries (from countries 
outside analysis) [1] 
East Asia & Pacific  944,050,200  524,327,000  63,930,476 (18,170,946)   906,663,434 (25,173,350)  
Europe & Central Asia  84,995,600  52,205,000  40,663 (0)   24,960,772 (7,598)  
Latin America & Caribbean  212,581,200  63,634,000  17,978,255 (152,806)   86,045,240 (312,120)  
Middle East & North Africa  195,394,600  205,313,000  11,617,425 (0)   12,097,174 (0)  
North America  -    -  -     -    
South Asia  1,425,537,200  1,677,473,000  372,225,878 (0)   1,157,646,272 (0)  
Sub-Saharan Africa  854,482,800  936,931,000  553,070,668 (57,983,569)   758,714,112 (69,679,432)  
Total 
 3,717,041,600  3,459,883,000 
 1,018,863,366 
(76,307,321)  
 2,946,127,005 
(95,172,500)  
 
Table 61 shows 96% and 89% agreement between the size of quintile-based populations lacking 
High human welfare and SE4ALL populations lacking access to clean cooking technologies in 
East Asia & Pacific and Sub-Saharan Africa regions respectively. Table 61 shows that 7% of the 
global population lacking access to modern energy services in 2013 come from populations 
living in the 47 countries not covered by this thesis’s final framework.  
Table 62, which replicates Table 61 at a national rather than regional level, provides support for 
the observation in the East Asia & Pacific region, that quintile model results more closely match 
SE4ALL population sizes due to the inclusion of two income quintiles from China that were 
excluded from national results. In the same way, Table 62, provides support for the observation 
that South Asia quintile results are smaller – and thus closer in size to the SE4ALL population 
from that region – than national results due to the exclusion of one quintile from India using 
model results.  
                                                 
179
 7% of global population lacking access to electricity, 3.1% of population lacking access to clean cooking 
technologies. 
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Table 62 Comparison of regional populations lacking access to High human development in 2013 and those lacking access 
to modern energy services in 2013, according to SE4ALL [1] 
Country 
Lacking High human 
development, 
quintiles, 119 
countries (people) 
Lacking High human 
development, nations, 84 
countries (people) [2, 25, 328] 
Lacking access to 
electricity, 122 
countries (people) [1] 
Lacking access to 
clean cooking, 151 
countries (people) [1] 
Afghanistan  30,683,000   30,683,000   7,624,726   25,245,972  
Albania  576,600   -     -     987,428  
Algeria  15,274,400   -     -     3,819  
Angola  23,448,000   23,448,000   15,649,195   12,760,402  
Antigua and Barbuda  18,000   -     3,762   9  
Argentina  -     -     72,315   165,898  
Armenia  1,196,800   -     -     5,086  
Azerbaijan  1,899,400   -     -     456,806  
Bangladesh  157,157,000   157,157,000   60,505,445   141,174,133  
Barbados  56,600   -     -     368  
Belize  206,400   -     28,139   45,786  
Benin  10,322,000   10,322,000   6,473,958   9,677,907  
Bhutan  755,000   755,000   17,592   257,229  
Bolivia Plurinational State of  8,320,000   10,400,000   1,090,960   2,270,320  
Bosnia and Herzegovina  1,529,600   -     -     2,271,074  
Botswana  1,306,200   2,177,000   993,583   841,411  
Brazil  81,703,600   -     857,888   14,910,907  
Bulgaria  1,450,600   -     -     1,562,296  
Burkina Faso  17,085,000   17,085,000   14,195,927   15,936,888  
Burundi  10,466,000   10,466,000   9,786,757   10,254,587  
Cabo Verde  405,600   507,000   62,868   152,303  
Cambodia  15,079,000   15,079,000   8,588,998   13,145,872  
Cameroon  22,211,000   22,211,000   9,670,669   18,355,170  
Chad  13,146,000   13,146,000   12,144,275   12,693,778  
Chile  -     -     70,304   722,374  
China  545,005,600   -     136,251   593,374,847  
Colombia  18,936,800   -     1,050,992   4,634,782  
Congo  4,394,000   4,394,000   2,544,565   3,639,550  
Costa Rica  941,200   -     20,706   220,711  
Cote d'Ivoire  21,622,000   21,622,000   8,391,498   17,626,254  
Croatia  -     -     -     269,500  
Cuba  2,272,600   -     -     1,599,910  
Czech Republic  -     -     -     1,055  
Democratic Republic of the 
Congo 
 72,553,000   72,553,000   61,793,390   68,431,990  
Djibouti  865,000   865,000   454,904   784,123  
Dominican Republic  6,168,600   -     165,524   905,756  
Ecuador  6,264,400   -     308,522   422,847  
Egypt  52,568,400   87,614,000   -     8,761  
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Country 
Lacking High human 
development, 
quintiles, 119 
countries (people) 
Lacking High human 
development, nations, 84 
countries (people) [2, 25, 328] 
Lacking access to 
electricity, 122 
countries (people) [1] 
Lacking access to 
clean cooking, 151 
countries (people) [1] 
El Salvador  3,654,000   6,090,000   302,064   1,152,837  
Eritrea  4,999,000   4,999,000   2,768,446   4,345,131  
Estonia  -     -     -     118,800  
Ethiopia  94,558,000   94,558,000   70,748,296   92,666,840  
Fiji  352,000   -     9,504   561,616  
Gabon  990,000   1,650,000   224,400   466,125  
Gambia  1,867,000   1,867,000   1,036,185   1,793,440  
Georgia  816,600   -     408   1,847,149  
Ghana  26,164,000   26,164,000   7,666,052   21,001,843  
Guatemala  12,552,800   15,691,000   1,889,196   9,973,200  
Haiti  10,431,000   10,431,000   6,516,246   9,546,451  
Honduras  6,279,200   7,849,000   1,006,242   4,145,057  
India  1,023,599,200   1,279,499,000   284,816,477   850,866,835  
Indonesia  150,760,800   251,268,000   8,894,887   119,678,948  
Iran Islamic Republic of  15,430,400   -     547,779   254,602  
Iraq  27,285,600   34,107,000   463,855   978,871  
Jamaica  1,109,200   -     105,929   227,941  
Jordan  2,886,000   -     7,215   722  
Kazakhstan  3,420,000   -     8,550   1,494,540  
Kenya  43,693,000   43,693,000   31,375,943   41,071,420  
Kyrgyzstan  4,596,800   5,746,000   19,536   1,415,814  
Lao People's Democratic 
Republic 
 6,580,000   6,580,000   1,608,152   6,287,190  
Latvia  -     -     -     66,597  
Lebanon  1,057,400   -     -     529  
Lesotho  2,083,000   2,083,000   1,556,418   1,438,936  
Liberia  4,294,000   4,294,000   3,873,188   4,208,120  
Libya  2,506,400   -     93,990   -    
Madagascar  22,925,000   22,925,000   19,967,675   22,466,500  
Malawi  16,190,000   16,190,000   14,732,900   15,692,967  
Malaysia  5,893,000   -     17,679   2,947  
Maldives  210,600   351,000   842   6,669  
Mali  16,592,000   16,592,000   12,269,784   16,260,160  
Mauritania  3,873,000   3,873,000   2,470,974   2,176,239  
Mauritius  252,800   -     10,997   16,179  
Mexico  24,748,000   -     98,992   17,434,966  
Mongolia  1,143,600   -     537,492   1,954,984  
Montenegro  125,000   -     -     165,563  
Morocco  26,762,400   33,453,000   2,830,124   381,364  
Mozambique  26,467,000   26,467,000   21,128,606   25,352,739  
Myanmar  52,984,000   52,984,000   25,887,982   48,337,303  
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Country 
Lacking High human 
development, 
quintiles, 119 
countries (people) 
Lacking High human 
development, nations, 84 
countries (people) [2, 25, 328] 
Lacking access to 
electricity, 122 
countries (people) [1] 
Lacking access to 
clean cooking, 151 
countries (people) [1] 
Namibia  1,877,600   2,347,000   1,234,522   1,287,799  
Nepal  27,835,000   27,835,000   5,653,289   20,943,054  
Nicaragua  4,756,800   5,946,000   1,202,876   3,080,028  
Niger  18,359,000   18,359,000   15,819,950   17,835,769  
Nigeria  172,817,000   172,817,000   76,730,748   167,978,124  
Pakistan  181,193,000   181,193,000   11,596,352   102,609,596  
Panama  761,200   -     414,854   558,340  
Papua New Guinea  7,309,000   7,309,000   5,871,320   5,113,376  
Paraguay  3,879,600   6,466,000   63,367   2,442,855  
Peru  12,226,000   -     2,402,409   10,538,812  
Philippines  58,543,200   97,572,000   12,196,500   54,211,003  
Qatar  -     -     -     420  
Republic of Korea  -     -     -     4,985  
Republic of Moldova  2,444,400   4,074,000   -     295,365  
Romania  3,958,800   -     -     3,709,396  
Russian Federation  -     -     -     114,694  
Rwanda  11,078,000   11,078,000   9,394,144   10,856,440  
Samoa  114,000   -     2,166   138,035  
Sao Tome and Principe  182,000   182,000   67,850   128,219  
Saudi Arabia  -     -     -     3,020  
Senegal  14,221,000   14,221,000   6,115,030   9,090,063  
Serbia  1,787,600   -     -     2,620,622  
Seychelles  19,000   -     1,900   285  
Sierra Leone  6,179,000   6,179,000   5,344,835   6,055,420  
Slovakia  -     -     -     542  
Slovenia  -     -     -     51,212  
South Africa  42,733,600   53,417,000   7,798,882   10,667,375  
Sri Lanka  4,104,400   -     2,011,156   16,542,784  
Suriname  213,200   -     -     53,087  
Swaziland  1,251,000   1,251,000   502,277   816,528  
Syrian Arab Republic  19,323,000   19,323,000   956,489   1,932  
Tajikistan  6,489,600   8,112,000   12,168   2,347,613  
TFYR Macedonia  829,200   -     -     799,556  
Thailand  26,980,400   -     6,745   17,017,887  
Togo  6,929,000   6,929,000   3,945,373   6,531,275  
Trinidad and Tobago  269,600   -     -     135  
Tunisia  4,402,400   -     33,018   1,101  
Turkmenistan  3,144,000   5,240,000   -     524  
Uganda  36,573,000   36,573,000   31,489,353   35,841,540  
Ukraine  18,066,000   -     -     1,345,917  
United Arab Emirates  -     -     -     904  
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Country 
Lacking High human 
development, 
quintiles, 119 
countries (people) 
Lacking High human 
development, nations, 84 
countries (people) [2, 25, 328] 
Lacking access to 
electricity, 122 
countries (people) [1] 
Lacking access to 
clean cooking, 151 
countries (people) [1] 
United Republic of Tanzania  50,213,000   50,213,000   41,978,068   49,208,740  
Uruguay  681,600   -     13,291   38,170  
Uzbekistan  17,419,800   29,033,000   -     3,013,625  
Vanuatu  202,400   253,000   172,799   212,874  
Venezuela Bolivarian Republic 
of 
 6,055,200   -     293,677   953,694  
Viet Nam  73,103,200   91,379,000   -     46,621,566  
Yemen  25,533,000   25,533,000   6,230,052   9,677,007  
Zambia  15,246,000   15,246,000   11,649,469   12,824,935  
Zimbabwe  14,898,000   14,898,000   9,461,720   10,264,722  
 
For highly populated countries such as China, India and Indonesia, Table 62 suggests that 
quintile rather than nationally based estimations of the size of populations lacking High human 
welfare have greater size similarity with SE4ALL populations lacking access to modern energy 
services. However, a further analysis of IHDS data would be needed to determine whether the 
sizes of Indian populations lacking High human development and access to modern energy 
services in Table 62 are related.  
Table 62 makes it clear that this similarity does not extend to all countries covered. For example, 
the total framework population lacking High human development in Myanmar, the home country 
of the refugee’s at the focus of Chapter five research, is the same in size as the population 
determined using nation based accounting – 91% of which SE4ALL estimates as lacking access 
to clean cooking technologies in 2013. Framework HDI resolution would need to improve to at 
least income deciles in order to determine whether the top decile in Myanmar, shown in chapter 
three’s Figure 21, might achieve High human development. If it did, then and the 90% (instead 
of 100%) framework population lacking High human development in Myanmar in 2013 would 
have a much greater size similarity with the 91% of the population lacking access to clean 
cooking technologies in 2013.  
Table 61 and Table 62 make it clear that the lowest total global population lacking access to 
clean energy technologies in 2013 is 3.049 billion people. Depending on the crossover between 
populations lacking clean cooking technologies and electricity in 2013, there may be as many as 
an additional 1.095 billion people that can be added to that total. This figure covers the 3.041 
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billion and 1.019 billion people from the 164 countries in this analysis that lacked access to clean 
cooking technologies and electricity respectively in 2013, of which only 8 million had clean 
cooking technologies but lacked electricity – which would make then clearly additional to those 
lacking clean cooking technologies. Of the 95 and 76 million people from the additional 47 
countries in the SE4All database that lacked access to clean cooking technologies and electricity 
respectively in 2013, only 24,000 of those had clean cooking technologies but lacked electricity, 
making them clearly additional. 
 
 
